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Q EXPERIMENTAL CHEMISTRY. 



PART I. 



CHAPTER XV. 

PHOSPHORUS— PHOSPHORIC ACID— PHOSPHOROUS ACID— PHOSPHATES. 



SECTION L 

■ 'k 

Pkosphortis. 

I. PHOSPHORUS is an in^mmable sabstance, and is distin- 
gaished by the following external characters. 

(a) It has generally a flesh-red colour, but, when carefully puri- 
fied, may be obtained colourless, and perfectly transparent ltd 
specific gravity is 1.77. 

(b) It IS sp soft that it readily yields to the knife. 

?c) It melts at about 90° Fahrenheit, and boils at 550^ . Wh^n 
melted, it must be covered with water, in order to prevent it from 
inflaming. 

{d) In the -atmosphere it emits a whit6 smoke, and a peculiar 
smell; and a faint and beautiful light arises from it; but these ap- 
pearances do not take place in the air which h^ been artificially 
dried. 

II. Phosphorus is inflamed by the application of a very gentle 
heat. According to Dr. Hi^ns, a temperature of 60° is sumcient 
to set it on fire, when perfectly dry. It bums when heated to about 
148°, with a very brilliant light, a white smoke, and a suffocating 
smell, and may even be inflamed in an atmosphere rarefied uxty 
times. 

1. It may be set on fire by friction. Rub a ver^r small bit be- 
tween two pieces of brown paper; the phosphorus will inflame, and 
will set the paper on fire also. 

2. In oxygen gis it bums with a very beautiful light; and al^o 
in nitrous oxide, and chlorine gasefs. 

Vol. IL— a 
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III. Phosphorus is volatile at 550°. Hence it may be raised by 
distillation; but, to prevent its taking fire on the application of 
heaty the retort should previously be filled with azotic or hydrogen 
gas, and the mouth of the retort be imm^sed in water. 

To accomplish this, the quantity of phosphorus, which it is in«- 
tended to rectify, should first be put into the retort, with a suffi- 
cient portion of water to cover it. The water must thcfn be made 
hot enough to melt the phosphorus, which,' on cooling, forms a com- 
pact in^ss» of the shape of the bottom of the retort. When cold,^ 
fill the retoj't, and its neck also, with water, and invert it in wa-' 
ter. Displace the water by hydrogen gas* forced from a bladder 
tlirougli a bent pipe ; keep the finger on the open end of the retort 
neck; pl«,ce it in a sand bath; ana immerse the mouth of it in wa- 
ter. Then apply heat very cautiously. A bladder should also be 
provided, furnisned with a stop«cod& and Ixrass [lipe, and filled with 
nydr(^n gas. During the distillation, the gas, in the retort, is ab- 
sorbed, and it is necessary to add more from the bladder, otherwise 
the water will rush into the retort, and occasion an explosion. By 
distillation, in this mode, phosphorus is rendered much purer. In 
the neck of the retort a substance is condensed of a beautiful red 
or carmine colour, which is a combination qf carbon and phosphorus, 
or a phosphuret of carbon, Thenatxl observes that phosphorus, 
however frequently distilled, cannot be freed entirely from char- 
coal, a minute quantity of which does not imp^r its whiteness or 
transparency. • , 

The only information, which we possess, respecting the nature 
^of phosphorus, is derived from the electro-chemical researches of 
Sir H. Davy. When acted upon by a battery of 500 pairs of plates 
in the same mannef as sulphur, gas was produced in considerable 
quantities, and the phosphorus became of a deep red-brown colour. 
The gas proved to be phosphuretted hydrogen, and was equal in 
bulk to about four times the phosphol-us employed. Hence hydiro- 
gen may possibly be one of its components; but no confirmation of 
-the truth of this view is derived from the recent experiments ai 
the same philosopher, which, indeed, are rather contradictory to it 

IV. Phosphorus may be oxygenized in various modes.^ 

(a) By exposure to atmospheric air. Let a stick of phosphorus 
be placed in a funnel, the pipe of which terminates in an empty 
bottle. The phosphorus will be slowlj^ oxygenized, and, after some 
time, will be changed into an acid, which will fall into tiie bottle in 
a liquid state* 

A Urge quantity of acid may be obtained* if a number of sticks 
be thus exposed: and as they would be in danger of taking fire, if 
heaped together, each stick should be enclosed in a glass tube, of 
rather lai^r diameter than itself* These tubes must be disposed 
round a fufmel, tl)e pipe of whieh teradnates in a bottle. The whple 
should be oovered by a bell-shaped receiver, the air of which is to 

"* On the oxidet of phosphorus, see Nichc^on's Joumal, vi. 134. Their 
existence is so doubtfiil that 1 have ooutted them entirely. 
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be frequency changed. The acid tiiitts obtaked ig a mixture of 
j9fto8plu9rouf and iifcospAoric acids, &c. Dnlong, indeed, ^lieires 
itto be a distinct compoiindy foFMrbich he has proposed the nanie of 
phospkaiie a^H^ But this view of its composition is not supported 
D J the recent investigatfons of Sir H. Davy^ who still consiaers it 
as a mixture of tiie two well-known acids of phosphorus. 

When phosphorus is burnt in highly rarefied air, three products 
are formed — a red solid comparatively fixed, and re^uirine a heat 
above £12° for its fusion— « white and eaadly volatile simtance* 
which is combustible, soluble in water, and has acid properties-** 
and a substance, which is strongly acid and not volatile, even at a 
white heat. . The first appears to be a mixture of unburn^ phosr 
phorus and phosphorous acid; the second to be phosphorous acid; 
and ^e third to be phosphoric acid. 

(^) Phosphorus inflames vividly in oxygen gas. When burnt in 
Ms manner, every hundred parts of phosphorus, according to La- 
voisier, ^ain an addition of 154. This result scarcely d^l^ from 
the original one of Sir H. Davy, who has stated that lOQ grains of 
phosphorus Condense 450 cubic inches or 153 grains of oxygen gas; 
but having lately examined the subject anew, with every attention 
ts the accuracy of his resdits, and with the advantage of improved 
methods of operating, he finds that taking an average of tm^e ex- 
periments, 100 grains of phosphorus condense 135 grains of oxysen. 
in this estimate, 100 cubic inches of oxygen j^ are assumed to 
weigh ,33.9 grains, the barometer bdng at 26.8 inches, and Fahrei^ 
heit's thermometer at from 46° to 49^. 

(e) By the nitric acid. If phosphorus be cautiously added, by a 
little at once, to nitric acid, heated in a retort, the nitric acid is de- 
composed, and its oxygen, uniting with the phosphorus, constitutea 
phosphoric acid. A tubulated retort must be used for diis {mrpose; 
and its neck may terminate in the appaiatur already described for 
procuring nitric acid. By. this contrivance a considerable quantity 
of nitric acid will be saved. The liquid, remaining in the retiMt, 
may be heated in an open, capsule to a thick consistence, in order 
to expel the redundant nitric acid. 



SECTION IL 

« 

Phosphoric Acid. 

I. To prepare this acid, the process h or c, sect. L may be em- 
ployed; but the following is the most economical method. 

On £0 pounds of bone, calcined to whiteness and fihely powder- 
ed, pour SO quarts of boiling water, and add eight pounds of sul- 
phuric acid, dUtnted with an equal weight of water. Let these ma- 
' terials be wdl stirred together, and be kept in mixture about M 

* Pha. Jlsgri xlviii. 273. 
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hours* Let the whole mass be next put into a conical bag of suffi- 
ciency porous and strong linen, in order to separate the clear li- 
quor, and let it be washed with water, till tfie water ceases to have 
much acidity to the taste. Evaporate the strained liquor in earthen 
vessels, placed in a sand-heat, and, when reduced to about half its 
bulk, let it cool. A white sediment will form in considerable quan- 
tity, which must be allowed to subside; the clear solution must be 
decanted, and boiled to dryness in a glass vessel. A white mass 
will remain, which is the dry- phosphoric acid. This njiay be fused 
in a crucible, and poured out in a clean copper dish. A transparent 
glass is obtained, which is the phosphoric acid in a glacial state; 
not, however, perifectly ^re, but containing sulphate and phosphate 
of lime.— According to Fourcroy and Vauquelin, it is, in fact, a su- 

Eer-phosphate of lime, containing, in 100 parts, only 30 of uncbm- 
ined phosphoric acid, and 70 of neutral phosphate of lime. The 
glacial acid, however, may be prepared from perfectly pure phos- 
phoric acid, which has been made by acting on phosphorus with ni- 
tric acid. It is remarkable that, according to the experiments of 
Berthier, it contains at least one-fourth its weiriit of water, a pro- 
portion which H^ould scarcely be expected in so hard a substance. ' 
To procure the phosphoric acid m quantity, and at the same time 
perfectly pure, the oxygenation of phosphorus by nitric acid is the 
most eli^bfe process (c, of the preceding article). The acid may 
be evaporated to dryness in |l glass capsule; and the dry mass, 
when fused, affords glacial pkospkorie add. 
II. The phosphoric acid has toe following properties: 
{dj When pure it dissolves readily in water. That obtained im'> 
mediately from bones is rendered insoluble by the admixture of 
earthy salts. But the glacial acid prepared with nitric acid is 
readily soluble. 

(b) It is not volatile, nor capable of being decomposed by hea4 
only, nor does it emit any smell when heated. 

(c) It is composed, according to the experiments of Rose on the 
combustion of phosphorus in oxygen gas, (the correctness of which 
is admitted by Dr. Wollaston, in his table of equivalents,) of 

Phosphorus 46,72 ... 100. 

Oxygen ...... 63.28 . . . 114.6 

100. 

Dulong investigated the composition of phosphoric acid, by find- 
ing how much chlorine is absorbed by phosphorus previously com- 
bined with a base. He then deduced the oxygen, from the quantity 
known to be the equivalent of the chlorine, which had disappeared. 
In this way, he intimates the composition of phosphoric to be 

Phosphoinis ..... 44.48 . . . 100. 
Oxygen . . . . . . 55^2 . . . 124;8 

100. . 
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Berzeliiis, by a still more complicated process, obtained results, 
the average of which ^ives 100 phosphorus to 127.5 oxjgen/ 

But if 335 pSirts ot phosphoric acid, as appears from the recent 
eiLperfanents oi Sir H. Davj, consist of 100 phosphorus, and 135 
oxjgen, 100 grains must contain 

Phosphorus 42^5 

Oxj^n #7.45 

100. 

This would very nearly agree with thfe notion, that phosphoric 
acid is constituted of one atom of phosphorus, weighing 11.1, and 
two atoms of oxygen — 15, and the weight of the atom of phospho- 
ric acid will, therefore, be 26.1, or in round numbers 26. 

{d) When distilled in an earthem retort with powdered char- 
coal, phosphoric acid is decomposed ; its oxygen, uniting with the 
carbon, forms carbonic acid, and the phosphorus rises in a separate 
state. This is the usual and best mode of obtaining phosphorus. 

The phosphoric acid of bones may either be employed for this 
purpose in the state of glass, finely powdered, and mixed Vith it^ 
weight of pulYorized charcoal ; or to the evaporated add, when ac- 
qninng a thick coiisistence, powdered charcoal may be added, in 
sufficient (|[uantity, to give it solidity. In the latter mode, however, 
the materials are apt to swell, and to boil over. The mixture of 
acid and charcoal is to be put in a stone-ware retort, coated with 
Willis's lute, the neck of which is lengthened out by a t\h piptit 
The open eiid of tiie pipe is to be immersed in a vessel of water. 
The heat is to be slowly raised, and at length made very intense. 
An enormous quantity of gas escapes, which takes fire on coming 
into contact with the atmosphere; and the phosphorus distils over 
in drops, which congeal in the waten As it is apt also to condense 
in, and to stop up, the neck of tlie retort and tin pipe, it must be 
occasionally melted out of these, by a shovel full of hot cinders, 
held under them. The process is rauier a difficulf one; and though 
it is proper that the student should perform it, in order to complete 
a course of experiments, it will be found more economical to pur< 
chase the phosphorus which may be required for experiments. 

Phosphorus may also be procured, by adding to urine a solution 
of lead in nitric acid, which precipitates a phosphate of lead This, 
when well washed, dried, and distilled in a stoneware retortj 
yields phosphorust or a solution of phosphate of soda (which may 
be bought at the druggists), mixed with one of acetite of lead, in 
the prop<^on of one part of the former salt to 1^ of the latter, 
yields a precipitate of phosphate of lead, from which phosphorus 
may be procured by distillation with charcoal, but at consioerably 
more expense. 

* Ann. de Chim. et Phjrs. ii. 2S3. 

f See CreU's Journal, Transition, iii. 36. 
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SECTION III. 

. Phosphates. 

With alkaline amf earthy iNiaefif, the phosphoric acid composes 
a class of salts called Phosphates, which have the following gene- 
ric characters. 

1. When heated with charcoal, ,the7 are not decomposed, nor is 
phosphorus obtained. 

S. Thej melt, before the blow-pipe, into a hard globule, some- 
times transparent, at others opaque. 

3. The earthy phosphates are soluble in nitric, muriatic, and ace- 
tic acids, without eftervescence, and are precipitated from those 
acids by lime-water and by |Hire ammonia. 

4. The^ are decomposed, in part, by sulphuric acid, and yield a 
liquor which, on evaporation and distillation with charcoal, aflfords 
phosphorus. 

The most important combinations of phosphoric acid are those 
which it forms with soda, ammonia, barytes, and lime. 

1. Phosphate of Soda, obtained by saturating carbonate of soda 
with phosphoric acid, and evaponlting the solution, exists in crys- 
tals, which have always an excess of alkali. These crystals con- 
tain 62 per cent, of water, and when calcined by a red heat are 
fpnveHed into a white powder, which consists of 

Phosphoric acid .... 53.48 . . . 100 
Soda 46.52 ... 8/ 

100. 

Hence the crystals are composed of 

Phosphoric acid .... 20.33 

Soda 17.6r 

Water 62. 

100. 

2. Phosphate of ,^monia exists with at least three dififtrent 
proportions of its elements. The. neutral phosphate forms regular 
crystals, which are very soluble. JB^ adding to this either an ex- 
cess of acid or of base, we obtain distinct salts, which require far- 
ther investigation. « 

3. Phosphate of Barytes varies, also, in the proportion of its ele- 
ments. 

(a) The neutral phosphate may be obtained by mixing the solu- 
tions of muriate of b«trytes and phosphate of soda. It consists of 
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Phosphoric acid .... 31.8 • . . lOCMX) 
Barytes 68.2 . .' . 214.46 

loa 

(b) When the neutral phosphate is dissolved in an excess -of 
phosphoric acid, and the solution slowly evaporated, acid crystals 
are obtained, which, kidependently of water, contain 

Phosphoric acid • . . 47.8 . • . 100.00 
Barytes ...... 52.2 . . . 107.11 

100. 

The acid, or bi-phosphaUf therefore, contains just half as much 
barytes as ^ neutral compound. ' 

(c^ From the si»kition of the acid salt, alcohol occasions a bulky 
precipitate, which, wh^n^ned* liecQmes a light and white powder, 
it is composed of 

Phosphoric acid . . • S9.13 • • . 100.0 
Barytes €§.87 . . . 155.5 



100. 



\ 



Berzelius proposes to call it the acidulous phasphaie af haryies. 
In thb t^mpound the base is united with one and a half as much 
acid, as exists in the neutral phosphate. Water decomposes it, 
and changes it into the neutral variety. 

4. Fhasphate of Lin^. {a) When a neutral solntimi of muriate 
of lime is mixed with a solution of phosphate of soda, the liquor 
6ecomes acid, and a copious precipitate takes place of small opaque 
ibrotts crystals, which when gently dried contain 

Phosphoric acid • . • • 41.90 

Lime S5A& 

Water 22.68 



»mm 



loa 

Hence the phosphoric acid and lime are to each other in the fol- 
lowing proportions: 

Phosphoric acid • . . 54.19 . * • 100.00 
Lime 45.81 . . . 8455 



^>m 



100. 

This compound may be considered as the neutnd fh99phaie of 
Ume* 
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(b) If solution of muriate of lime be pouredinto solution of phos- 
phate of soda, taking care to have a considerable excess of the latter 
salt, a gelatinous precipitate is formed, which, when dried at a mo- 
deratfi heat, contains only 5 J per cent, of water; and, after this 
has been expelled by hea^ consists of 

Phosphoric acid ... 48.32 ... 100 
Lime ....... 51.68 . . . 107 



100. 



Having a gresiter quantity of base than the former, this com- 
pound may be termed a suh-phosphate. It is this substance which 
forms the basis of animal bone. 

Both the phosphate of lime, which have already been described, 
are soluble in an excess of phosphoric acid, and afiford a transpa- 
rent solution, from which pure ammonia precipitates the neutral 
phosphate. From this soluti6n, Berzelius has not succeeded in ob- 
taining solid compounds with definite proportions of base and acid. 
It is probable, however, that at least one such super-phosphate 
eshts, and that the phosphates will be found, in^ this respect, ana- 
logous to those salts with exeess of acid, which have afforded such 
staking illustrations of the general law of definite proportions. 



SECTION IV. 

Phosphorotis ^cic^Phosphites. 

Phosphorous acid cannot, according to Sir H. Bavy, be obtain- 
ed pure by exposing cylinders of phosphorus to atmospheric air; 
for, when thus prepared, it always contains phosphoric acid. It 
can only be procured in a state of purity, first, by subliming phos- 
phorus through corrosive sublimate; then mixing the product with 
water and heating .it, till it becomes of the consistence of syrup. 
The liquid obtained is a compound of pure phosphorous acid and* 
water, which becomes solid and crystalline on cooling. It is acid 
to the taste, reddens vegetable blues, and unites with alkalies. 

The tlieory of this process is, that when the compound of phos- 
phorus and chlorine, formed in the first operation, is brought into 
contact with water, the water is decomposed; its hydrogen uniting 
with chlorine composes muriatic acia; and its oxygen combining 
with phosphorus forms phosphorous acid. From this mixture of 
acids, heat expels the muriatic. 

The phosphorous acid exhales a disagreeable foetid odour; and 
.yields, when strongly heated, penetrating white vapours. When 
heated in a glass ball, blown at the end of jL.amall tube, a gas is- 
sues from the orifice of the iube, which inflames oh coming in con- 
tact, with the atmosphere. Hence it appears to contain an excess 
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of phosphorus*. The residaam in the hall is phosphoric acid. From 
the experiments of Rose on the phosphoric acid» Gaj Lussac infers 
tliat, conformabij to his owli hypothetical views, phosphorous acid 
must consist of 

Phosphorus . . . 56.81 . ^ . 100 . . 132 
Oxygen .... 43.19 . , 76 . . 100 

100. 

These proportions do not differ materially from those stated by 
Dulong, who makes phosphorous acid to consist of 100 phosphorus 
+ 74.88 oxygen.* They agree, also, still more nearly, with the fol- 
lowing statement of Berzelius, according to whom this acid con- 
sists'of 

Phosphorus . . . 56.524 . , . . % 00.00 
Oxygen , 43.476 .... 76.92 

100.t 

Sir H. Davy, however, after a careful investigation of the constl* 
ttttion of phosphorous acid, has lately been led to conclude that the 
oxy^n, which it contains, is just one half of that existing in phos- 
phoric acid; or that, in the former, 100 grains of phospnorus are 
united with &TJ5 of oxygen. Hence 100 grains of phosphorous acid 
miist consisi of 

Phosphorus . . . • » . 59.1 
Oxygen . 40.9 

. 100, 

And phosphorous acid must be constituted of 1 atom of oxygeip, 
7.5 + 1 atom of phosphorus 11; and the weight of its atom will be 
18^. 

The combinations of phosphorous acid with alkaline and earthy 
bases are called phosphites. 

The phosphites diner considerably in their characters from phos- 
phates. 

1. They exhale a smell of phosphorus. 

2. When heated, they emit a phosphorescent flame. 

3. Distilled in a strong heat, they yield a little phosphorus, and 
are converted into phosphates, in which the elements are com- 
pleiely neutral.^: i 

4. They detonate, when heated with chlorate of potash. 

5. They are changed into phosphates by nitric, and by oxymu- 
riatic acid. 

• Phil. Mag. zlvui. 373. f ^n* de Chlm. «t Pbjrs. U. ^, 

i Gay Lussac, Ann. de Chim. et Pbys. L 212, 

Vol. II.~B 
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6* Phosphite of^pota«h is veryd^liqUiesceDt^ uBcryslalKzable, but 
insoluble' tn alcohol. Those of soda and amtBoaia are also very 
soluble. The former crjstalliz.es in rhomboids approaching to cubes. 
All the rest are sparingly soluble, but can be obtained in crystals 
only by spontaneous evaporation, for they are decomposed by heat, 
and, salts with excess of base are precipitated, which are absolutely 
insoluble. There exist, therefore, neutral phosphites, sub-phosphites, 
and super-phosphites, tlie exact composition of which remains to be 
investigated.* 



SECTION V. . 
Hj/pchphosphorous or Per^phosphmrous Acid* 

Whek phosphuret of barytes^ carefully prepared, is made to act 
on water, two distinct compounds are generated, vix^ phosphate of 
barytes, which, beins insoluble, is roadily separated by filtration; 
and. a soluble salt of barytes, which passes through the filter. To 
ilie latter compound, sulphuric acid is to be added, ia quantity just 
•ufficient to separate the barytes. The acid solution which re- 
mains* when ccmcentrated by evaporartion, yields a viscous fluid» 
strongly acid and uncrystallizable. By a still stronger heat, 
this substance is decomposed; phosphuretted hydrogen is deve* 
loped; a little phosphorus is sublimed; and phosphoric acid remuns^ 
intheretortt 

The compounds of this new acid, with alkaline and earthy bases, 
are remarkable for their extreme solubility. Those of barytes and 
strontites crystallize with great difBculty. The hypf^phosphites of 
potash, soda, and ammonia, ane soluble, m all proportions, m highly 
recjtified alcohol. That of potash is even more deliquescent than 
miiriate of lime. They absorb oxygen slowly from the air, and 
when heated in a retort give the same products as the acid itself. 

In order to ascertain the proportions of the elements of this acid» 
Dulong, its discoverer, converted a known quantity of it into phos- 
phoric acid by means of chlo^rine, whence he infers it to consist of 

Phosphorus .... 7^75 .... 100 
Oxy^n ..... £7.25 .... 37.44 

100* 

These results are calculated on the supposition that hypo-pbos^ 
phorous or per-phosphorous acid is a binary compound or oxy^n 
and phosphorus;, but it is doubtful whether it may not be a triple 
compound of oxygen, phosphorus, and hydrogen, or a hydracid; in 
which tase its proper appellation would be hydr(hpho$phorou8 acid. 

* Ottlong, 48 Phil. Ms^. 272. f Oulonff, .48 Phil. M^. 271. 
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In his Bk\e investigntida of the comt>oands of phosphonts* Sir H. . 
Davy admits the extstetice of the new acid of Duloag, but dedueeb 
different proportions of its elements. The^os^gen of this aekl he 
infers to be precisely half of that which exis^ in phosphorous*' 
acid; or that 100 of phosphorus aire united with 33.825 oxygen. 
But it has been already shown to be probable that phosphorous acid 
is composed of an atom of each of its elements ; and it may, there- 
fore, be inferred that hypo-phosphorous acid is constituted of one 
atom of oxygen weighing 7.5 and two atoms of phosphorus weigh- 
ing 11 X S = 22, and the weight of the compound atom may be 
represented by 29*5. 

The following table represents the composition of the thr^e 
acids of phosphorus: 

Atbmsof Atoms of Waglit 
Phosph. Oxyg, ofatoins. 

Hypo-phosphorous acid 2 + 1 .. 29.5 
Phosphorous acid . . 1 + 1 .. 18.5 
Phosphoric acid . . . 1 -f ^ •• 2^ 



SECTION VI. 

Combinations of Phosphorus with Chlorine* 

There are two compounds of chlorine and phosphorus 

1. Bi-chloride or Perchloride. When phosphorus is introduced 
into chlorine gas, it takes fire spontaneously, and bums with a 
pale flame; and a white solid condenses on the sides of the vessel. 
In an experin^ent of Sir H. Davy, conducted with great care^ 4 
grains of phosphorus condensed 31.9 cubic inches (barometer 30.1, 
uiermometer 46^) of chlorine gas, equivalent to very nearly 04 f 
grains, or six times its weight Therefore 160 grains or phosphorus, 
to form this compound, condense 600 grains of chlorine; and as 
33.5 of chlorine appear, from a variety of facts, to be equivalent to 
7^ of oxygen, the above 600 grains are, by the rule of proportion, 
the equivalent of 135 of oxygen; and ^us is derived a collateral 
proof that phosphoric acid is constituted of 100 phosphorus + 13§ 
oxygen by weignt 

« The solid compound of phosphorus and chlorine is Volattte at a 
temperature below 212^ Pahrenheit It acts violentl^ron water, tiie 
hydrogen of which forms, with the chlorine, muriatic acid; while 
me oxy^ forms, with the phosphorus, phosphoric acid. 

2. C^ride or Proto^hloride. Though this compound may be 
obtained by heating the perchloride with a due proportion of phos- 
phorus, yet a better method of preparing it is (as Sir H.pa\/y re-r 
commends) to pa^s the vapour of phosphorus over corrosive snbli* 
mate, heated in a glass tube. Bv this process, we obNUup a llqukl 
of the specific gravity 1.45, which does not redden litmus paper, 
thou^ its fumes produce this elect, in comoqve&ce of beii% ren- 
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dered acid by contact mik the moisture of the air. The acid, which 
temlis from its action on water, is the phosphorous, which is best 
procured by the interf ention of this chloride. At the same time 
^muriatic acid is formed, by the union of chlorine with the hydrogen 
•of the water. 

In Ihis chloride, the chlorine exists in half the quantity which 
constitutes the perchloride, that is, 100 grains of phosphorus are 
^united with SOO of chlorine. But in phosphorous acid, 100 grains 
of phosphorus are combined with 67M of oxygen, which last num- 
ber is, tirerefore, die equivalent of 300 chlorine. Now as 67.5 to 
SOO, so is t.5 to 8S.5; indicating that in the chloride of phosphorus 
its elements are united atom to atom ; while in the perchloride two 
attfms of chlorine are combined with one of phosphorus. 

Atoms of Atoms of Weight 
Phosph. Chlor. (^ Atoms, 

Chloride of phosphorus 1 4- 1 . . 41 
Perchloride . . . . 1 -f 2 . . 74.5 



SECTION VII. 

Compounds of Phosphotm, with Alkalies, Earths, and ConUmstthle 

Bodies, 

I. Phosphorus is susceptible of combination with sulphur, and 
affords a compound, the properties of which vary, according to tlie 
firoportion of its ingredients. It may be obtained by melting these 
substances together in a tube, the mouth of which is loosely stopped 
by paper; or by fiising these two bodies, very cautiously, and in 
small quantities, at the bottom of a Florence oil flask, nearly filled 
with water. The process is attended with some danger; and re- 
quires several precautions, which will be suggested by the essays 
w Mr. Accum and Dr. Briggs, published in the 6th and 7th volumes 
of Nicholson's Journal. The compound is much more fusible and 
combustible, than the separate components. It may be purified by 
being shaken with a solution of ammonia, and left some hours in it 
Its reddish or brown colour is thus removed, and a light yellow 
compound results, which is semi-transparent, remains fluid even at 
@0^ Fahrenheit, and does not act at all on water at common tem- 
peratures, nor rapidly even on boiling water. It appears to be con- 
stituted of 5 sulphur, aiid 7 phosphorus.* 

II. Phospliorus combines with the pure fixed alkalies, and with 
earths, and composes the class of phosphurets. That of lime is the 
most readily formed, and exhibits, -extremely well, the pro-ierties of 
the9fe compounds. It is prepared as follows: 

Take a glass tube, about IS inches long, and one-third of an inch 
diameter, sealed hermetically af one end. Let this tube be coated 

• Faraday in Joiim. of Science, it, 360^ 
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with clay, except withia about half an inch of the sealed end. Put 
first into it a drachm or two of phosphorus, cut into small pieces, 
and then fill the tube with small bi^ of fresh burnt lime, of tlie size 
^of split peas. Stop the mouth of the tube loosely with a little pa- 
per, in order to prevent the free access of air.—- Next, heat to red- 
ness that part of the tube which 'is coated with clay, by means of a 
chafingdish of red-hot charcoal ; and, when the lime may be sup- 
posed to be i^ted, Apply heat to the; part eontainini^ the phosphoi- 
rus, so as to sublime jt, and to bring the vapour of it into contact 
with the heated lime. The lim^ and phosphorus will unite, and 
will afford a compound of a reddish^brown coloun^^^Phosphuret of 
barytes and of strontites may be prepared in a similar manner* 

If the carbonate r.f lime be substituted for pure lime, the carbonic 
acid is decomposed. Its carbon is set at liberty, and appears in the 
state of charcoal; while its oxygen unites witii the phosphorus; 
and tlie phosphoric acid, thus produced, forms phosphate of lime. 
In this process, discovered by the late Mr. Tennant, carbonic acid 
is decomposed by the conspiring: affinities of phosphorus for oxygen, 
and of lime for phosphoric acid, though the former affinity only 
would be inadequate to produce the effect. 

The phosphuret of lime has the remarkable property of decom-r 
posing water at the common temperature of the atmosphere; and 
the water afterwards contains phosphite, or hypo-phosphite, not 
phosphate, of lime.^ Drop a small piece of it into a wine-glass of 
water, and in a short time bubbles of phosphuretted hydrogen gas 
will be produced; which, rising to the surface, will take fire, and 
explode. If the phosphuret of lime be not perfectly fresh, it may be 
proper to warm the water to which it is aaded. 

Into an ale-gla^s put one part of phosphuret of lime, in pieces 
about the size of a pea (not in powder), and add to it half a part of 
chlorate of potash. Fill the glass with water, and put into it a fun- 
nel, with a V^if pipe, or nan*ow glass tube, reaching to the bottom. 
Through thjs pour three or four parts of strong sulphuric acid, which 
will decompose the chlorate; and, the phosphuret also decomposing 
the water at the same tirte; flashes a fire dart from the surface of 
the fluid, and Hae bottom of the vessel is illuminated by a beautiful 
green light. (Davy.j 

Another combination of phosphorus, the properties of which ren- 
der it a fit subject of. amusing experiments, is the phosphuretted 
hydrogen gas. 

Art. 3. — Phosphuretted Hydrogen Gas, 

By heating solid phosphorous acid out of the contact of air, a 
large quantity of elastic fluid is generated, which may be collected 
by a proper apparatus, and has smgular properties. 

It has a disagreeable smell, but is not so offensive as bi-phosphu- 

retted hydrogen. It does not explode spontaneously, but detonates 

I. , 

* Gay Lussac, S5 Ann. de Chim. 206, and Ann. deC?faim. etPhys. vi.338. 
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violently when heated with oxygen to abont 300** Fahrenheit; or 
when a mixture of the two gases is rarefied by diminished pres- 
sure.* It explodes in chlorine with a white flame. Water absorbs 
about one^ignth its volume. Its specific gravity was found by Sir 
H. Davy to b^ to that of hydrogen as 12 to 1. He gave it the harae of 
hydro-phosphoric gas, but he has since adopted that of phosphuret* 
ted hydrogen. 

Potassium doubles its volume, and the residue is pore hydrogen. 
Sulphur occasions the formation of sulphuretted hydrogen, equal in 
volume to twice the orj^nal gas. Three parts of it in volume con- 
dense more than five ofoxygen; ^Etnd one in volume absorbs four of 
clilorine. It appears to be constituted of two atoms of hydrogen 
and one of phosphorus; and the hydrogen in U is condensed into^ 
half its bulk. In that case the weight of its atom will be 13. 

Its formation appears to be owing to the decomposition of water, 
the oxygen of whichj'with part of the phosphorous acid, forms phos- 
phoric acid, while tlie hydrogen dissolving the excess of phosphorus 
existing in another portion of phosphorous acid, composes die pe- 
culiar gas. 

Art. 4. — Si'phosphuretted Hydrogen Gas. 

I. This gas may be procured, by boiling, in a retort, a little phos- 
phorus with a solution of pure potash. The water is decomposed ; 
its oxygen, uniting with the phosphorus, forms phosphoric acid, 
which combines with tlie alkali, while the hydrogen dissolves ano- 
ther portion of phosphorus, constituting bi-phospnu retted hydrogen 
^as. — ^This gas may also be obtained, by putting into five parts of 
water half a part of phosphorus, cut into very small pieces, with one 
of finely granulated zinc, and adding three parts of strong sulphu- 
ric acid. This affords an amusing experiment. The gas is disen- 
gaged in small bubbles, which cover the whole surfac^ of the fluid, 
find take fire on reaching the air; these are succeeded by others, 
-and a well of fire is produced. (Davy.) 

In preparing this gas from phosphorus and solution of potash, 
both the body and neck of the retort should be entirely filled with 
the solution, which Dr. Coxe, of Philadelphia, recommends to be al- 
most boiling hot. He employs a retort holding from half a pint to a 
pint; and after introducing both the phosphorus and the solution, 
fixes its neck on an inclined plane formed of a block of wood, the 
upper extremity of which is overhung by the body of the retort, while 
its mouth projects over the lower end, and is dipped into a small bowl 
filled with a not solution of potash. The gas, extricated by the flame 
of a lamp, accumulates; and, forcing the alkaline solution down 
the neck, at length escapes, tlirough the hot solution in Ae bowl, into 
tlie air, where it inflames. Should the heat slacken, and an absorp- 
tion ensue, notliing passes into the retort but the hot solutipn of al^ 
kali from the bow); and this, as the retort is secured from being dis- 
placed, doea no harm. In tiiis way, a torrent of gas may be Kept 

* 6 Aua. de Chim. et Phys. 304. 
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ap, as long as there remains sufficient of the solution in the retort; 
and all danger of breaking the retort is entirely avoided. 

II. The properties of this gas are the following: 

(a) It takes fire immediately oncoming into contact ivith the at- 
mosphere. This may be shown by letting it escape into the air, aa 
it issues from the retort, when a very beautiful appearance will en- 
j^ue. A circular dense white smoke rises in the form of a horizon* 
tal ring^ ^yhich enlarges its diameter as it ascends, and forms a kind 
of corona. The gas produces also a flash of light when admitted 
into the best vapuum, that can be made by an air pump. 

(6) When^ mixed suddenly with oxygen gas it detonates. One 
measure requires 1 j of oxygen for saturation ; and the product is 
phosphoric acid. It may also be cbmbined with an equal volume of 
oxygen^ and the product is then f^osphorous acid. 

This experiment should be made cautiously, and in small quan- 
tity. But in a tube only three-tenths of an inch in diameter, the 
mixture does not detonate. 

(c) The same phenomenon ensues on mixing it with chlorine gas, 
or with nitrous oxide. Three volumes of chlorine, are condensed by 
one of phosphuretted hydn^n; and the products are muriatic acid 
and perchloride of phosphorus. 

When minded with any of these gases, it should be passed up 
by not more man a bubble or two at once. 

{d) Sulphurous acid and phosphuretted hydrogen gases, when 
mineled together, mutually decompose each other. 

(e) It deposits phosphorus, by standing, on tho inner surface of 
the receiver, and loses its property of spontaneous ascension. It 
is, also, decomposed by electricity, without any change of volume. 

(f)li& specific gravity is verjr variable. Sir H.I>avy has obtain- 
ed it, from phosphorus and alkaline lixivia* of all specific gravities, 
from 400 to 700; Mr. Dalton states it at 850, air being 1000, and 
Dr. Thomson at 90d.2. The quantity absorbed by water is stat^ 
by the former at one-fortieth its bulk, and by the latter at one- 
twenty-seventh. Dr. Thomsion makes it one^fifdeth. 

ig) '^^^ measures of the ^ heated with potassium become 
three, and phosphuret of potassmm is formed. 

From all th^t is known respecting this variety of phosphuretted 
hydrogen it may be inferred to consist of 1 atom of hydrc^n-f I atom 
of phosphorus; and the weight of its atom will be represented by 
1£.0. 

The existence of different varieties of phosphuretted hydrogen 
has, however, been lately dtjnied by Mr. Dalton, whose experiments 
have led him to the conclusion, that the apparent diversities of com« 
position are occasioned by the admixture of various proportions of 
free hydrogen and phosphiH>etted hydro^n. The two gases admit, 
he finds, of separation by liqjM oxymuriate of lime, which absorbs 
the phosphuretted hydrogen, and not simple hydrogen. 

One volume of phosphuretted hydrogen in a pure state requires, 
according to Dalton, two volumes of oxygen for saturation^ When 
electrified per jie, it is expanded one-third of its volume. It is ab- 
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8orl>ed by eight times its bulk of water. When tvvo -parts are mix- 
ed with five of nitrous gas, and an electric spark is passed through 
the. mixture* a brilliant explosion. takes place; and the results are 
phosphoric acid and water, and nitrogen gas, less in bulk by 2 or 3 
per cent, than half the volume of the nitrous gas.* 

Phosphorus, is soluble in oils; and, when thus dissolved, forms 
what has been called liquid phosphorus, which may be rubbed on the 
face and hands without injury. It dissolves too in ether, and a very 
beautiful experiment consists in pouring this phosphoric ether in 
small portions* and in a dark place, on the surface of hot water. 

The phosphoric matches consist of phosphorus extremely dry, 
minutely divided, and perhaps a little oxygenized. — Tlie simplest 
mode 01 making them is to put a little phosphorus, dried by blot- 
ting-paper, into a sniall phial; heat the phial, and when the phos- 
phorus is melted, turn it round, so that the phosphorus may*adhere 
to the sides. Cork the phial closely; and it is prepared. On put- 
trng a common sulphur match into the bottle, and stirring it about, 
the phosphorus will adhere to the match, and will take fire when 
brought out into the air. 



CHAPTER XVI. 



BORACIC ACID. 



I. XHIS acid is ve;-y rarely to be found native; and, for purposes 
of experiment, is obtained from the purified borax of commerce, by 
one of the following processes: 

1. To a solution of borax, in boiling water, add half its weight of 
sulphuric acid, previously diluted with an equal quantity of water. 
Evaporate the solution a little; and, on cooling, shining scaly crys- 
tals will appear, which consist of boracic acid. Let them be well 
washed witfj distilled water, and dried on filtering paper. 

2. Let any quantity of borax be put into a retort, with half its, 
weight of sulphuric acid, and half its weight of water. Boracic 
acia may be obtained by distillation, and maybe purified, by wash- 
ing in water, 8tc., as before. By neither of these processes, how- 
ever, is it obtained perfectly pure; for electrical analysis discovers 
in it a minute portion both of alkali and of sulphuric acid. (Davy.) 

n. Boracic acid has the following qualities: 

1. It has the form of thin white scales ; is destitute of smell, and 
nearly so of taster Its specific eravitv isi.479. 

2, It fuses, when heated, and losip its water of crystallization. 
If the heat be increased suddenly, before it has lost its water of 
crystallization, it sublimes; but, otherwise, it melts into a glass, 

* Thomson's Annals, xi. T. 
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which is permanent in the -strongest fire,, and has the specific gra- 
vity 1.80S. 

3. It is generally described as soluble in twelve parts of cold 
water, and in three or four of boiling water; but» .according to Sir 
ii. Davy, even boiling water does not take up above one-fiftieth of 
its weiffnt 

4. lliis solution reddens vegetable blue colours, and effervesces 
with alkaline carbonates. 

5. It is soluble in alcohol, and the solution burns with a beautiful 
greenifiame. 

The** boracic acid, which had resisted all other means of analysis, 
has at lei^th yielded to the attempts of Sir H. Davy to decompose 
it by the action of Voltaic electricity. When sligntly moistened 
with water, and exposed, between two surfaces of platina, to a bat- 
tery of 500 pairs of plates, an olive-brown matter immediately be^n 
to form on the negative surface, which gradually increased in thick- 
ness, and at length became almost black. It was not changed by 
water, but dissolved with effervescence in warm nitrous acid. When 
heated to redness on platina, it burned slowly, and gave off white 
fumes, which had acid properties. A black mass remained, which, 
when examined by the magnifier, appeared vitreous at the surface, 
and evidently contained a fixed acid. 

Boron. 

As this peculiar combustible substance is a non-conductor of elec- 
tricity, it was found impossible to obtain it in this way, except in very 
thin films. By the action of potassium, however, it was procured in 
larger quantities. Twelve or fourteen grains of boracic acid were 
heated, in a green glass tube, with the same quantity of potassium. 
A most intense ignition ensued; and the potassium, where it was 
in contact with the boracic acid, entered into vivid inflammation. 
A quantity of hydrogen gas appeared, equal to about twice the 
bulk of the acid. l*o collect the results, tubes of metal were em- 
ployed; for the most part of brass, which appears to answer best 
The - residue in tiie tube was dissolved in water, and the insoluble 
part collected on a filter. Its properties are described as follows: 

1. It is in the form of a powder, in colour of the darkest shade of 
olive. It is very friable, and not sufficiently hard to scratch glass. 
It is a non-conductor of electricity. 

% When it has been dried at only 100° or 120**, it gives off mois- 
ture by increase of temperature. In the atmosphere it takes fire, at 
a heat below that of boiling olive oiU and burns with a red light, and 
scintillations like charcoal. - 

3* It is not decomposed by heat in a platina tube, though raised to 
whiteness. The only change in it appears to be an increase of speci- 
fic gravity. . ^ ^ 

4. In oxygen gas it burns with a most brilliant light, and is partly 
converted into boracic acid, and partly into a black substance, which 
requires a higher temperature for its inflaoamation, and produces a 
fresh quantity of boracic acid. 

vox,riv— c . 
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5. In oxymuriatic acid gas, it takes fire at common temperatures, . 
and boracic acid is regenerated with a portion of the black matter al- 
ready described. 

6. It is not soluble either in nitrogen or hydrc^n gases. r^ 

7. It decomposed the nitric and sulphuric acids, and boracic acid 
was produced. 

8. It combined with alkalis, and gave pale olive coloured com- 
pounds, from which dark precipitates were separated by muriatic acid^ 

9. It slowly combined with melted sulphur, which acquired an 
olive tint; but with phosphorus scarcely any union seemed to take 
place. Neither did it combine with mercury. 

These qualities are sufficient to show that the combustible sub- 
stance, obtained from boracic acid, and constituting its base, is dif- 
ferent from every other known species of matter. Sir H. Davy has, 
therefore, proposed for it the term boron. As to its nature, he is of 
opinion that it is probably a compound, and that one of its ingre- 
dients, which enters into alloy with potassium and with iron, is the 
true basis of the boracic acid. The olive coloured substance, whose 
properties have been already described, he believes to consist of this 
basis, united with a little oxygen; that when further oxydjzed it 
forms the black matter; and that, in its full state of oxygenation, it 
constitutes boracic acid. 

The proportion of ingredients in the boracic acid has not been ac*- 
curately determined. It is stated, merely as an approximation, that it 
consists of one part by weight of inflammable base united with two 
parts of oxygen. In the black substance. Sir H. Davy supposes that 
about three parts of the inflammable base are combined with only one 
of oxygen. 

Boracic acid combines with alkalis and earths; but the only im- 
portant combination, which it forms, is with soda. This compound 
is found native in India, and is brought to this country, under the 
name of tincal, or brute borax, which, when purified, aftbrds the borax 
of the shops. In the borate of soda, the alkaline ingredient is in ex** 
cess, and hence the salt converts vegetable blue colours to green. It 
is therefore, in strictness, a sub-borate. 

Sub-borate of soda crystallizes in prisms with six irregular sides. 
It effloresces in the air. It fuses when ignited; loses its water of 
crystallization ; and leaves a glass, which is transparent when cold, 
and which is of great use ia experiments with the blow-pipe. The 
salt dissolves in twelve parts of cold water, or in six of boiling water. 
It is susceptible of comoination, by fusion, with silex and with alu- 
mine; and hence is employed in making artificial gems. According 
to the experimeilts of Gmelin, it consists of 

Boracic acid . • • . 35.6 • • • 100 

Soda 17,8 ... 50 

Water 46.6 



100. 
The remaining borates, which have been analyzed by Ckn^in, are 
described in the 9th volume of Dr. Thomson'ii Aiuuib> p. 48* 
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^UOBIC AGID. 



L THE fluoric acid maybe obtained from a substance found abun- 
dantly in Derbyshire, under the name oi fluor spar. In converting 
this spar to ornamental purposes, small pieces are broken off, which 
may be had at a cheap rate. 

Pure fluoric acid has never yet been obtained in a gaseous state; 
for we are acquainted with it, as a gas, in only two forms, viz. Istly, 
of combination with silex; and 2dly, with boracic acid. 

Silicated fluoric sas may be prepared by pouring on fluor spar, 
finely powdered, and mixed with half its wei^t of powdered glass* 
an equal weight of strong sulphuric acid. It ma^^ be received over 
mercury in glass vessels, Sie transparency of which it does not impair. 
Its specific gravity is very great, 100 cubic inches weighing 110.7S 
grains. 

By causiag a known volume of it to be absorbed by liquid ammo^ 
nia. Dr. John Davy separated the silex, which formed 61.4 per cent 
of the wei^t of the ^as. . When the^ is absorbed by water, much 
of the silex is deposited, and it retams only 54.5 per cent, of that 
earth in combination. To this liquid, Dn Davy gives the name of 
subsilicated fluoric acid. 

Water absorbs about 263 times its bulk of the gas, and the solution 
tsay be kept in glass vessels without corroding them. 

It condenses twnce its volume, and no other proportion, of ammo- 
niacal sas, formine a dry white salt, which is slightly acid; deposits 
some silex when dissolved in water; and, when its concentrated solu- 
tion is boiled in glass vessels, powerfully corrodes them. When an 
' excess of liquid ammonia is added, the whole of the silex is precipi- 
tated» and a pure fluate of ammonia is obtained. 

Potassium, heated in silicated fluoric sas, takes fire, and burns with 
a deep red light In an experiment of Sir H. Davy, after the com- 
bustion, the whole of the fluoric acid was found to be destroyed, and 
no gas left but a residuum of hydrogen. But from fluoric acid, long 
exposed to calcined sulphate of soda, hardly one-tenth its bulk of hy- 
' drogen could be thus developed. 

The bottom of the retort, in these cases, was covered with a sufi* 
stance of various colours, in some parts chocolate, in others yellow, 
which, being heated in contact with air, burned slowly, lost its colour, 
and became a white saline mass. In oxygen jjas, it burned with an 
absorption of oxygen, but not with any great intensity, reproducing 
silicated fluoric acid gas. 

By the action of this substance on water, fluoric acid and potash 
Wiere generated; and some chocolate^oloured particles were sepa* 
rated by the filter, which» when dried, and heated in oxygen gsit. 
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buroed and absorbed oxygen. By this combustion, fluoric acid was 
al3o generated. 

Hydro-jiuoric Acid. 

The fluoric acid may be obtained in a li^id state, from fluor spar 
and twice its weight of strong sulphuric acid, by using a leaden retort 
and leaden receiver. An ingenious apparatus, invented for this pur- 
pose by Mr. Knisht, is described ana figured in the 17th volume of 
the Philosophical Magazine. The receiver should be surrounded 
with snow or pounded ice. 

The liquid acid must be preserved in leaden or silver bottles, as it 
soon corrodes and penetrates glass ones. Its volatility, however, is 
such that it is extremely difficult to confine it. In this state of watery 
solution, it readily combines with alkalies, and forms soluble com- 
pounds. Its combinations with the earths are for the most part highly 
insoluble. The fluates have no properties that can render them inter- 
esting to the student, except the use of the alkaline ones as tests, 
which will be described in a subsequent part of the work. ^ 

To the liquid solution of fluoric acid. Gay Lussac and Thonard 
have given the name of silici^uoric acid. Its specific gravity. Sir. 
H. Davy finds to be 1.0609. By adding water, in very small quanti-^ 
ties at once, its specific gravity is gradually increased to 1.25, a pro-.^ 
perty observed in no other liquid. When suddenly mixed with water* 
it becomes very hot and even boils; it emits dense and noxious va- 
pours; acts instantly and strongly on glass; and powerfully aflects 
the skin, on which it raises painful pustufes, or, if in sufficient quantity^ 
occasions deep and dangerous ulcers. — ^A small piece of potassium 
thrown into it detonates violently. 

The principal use of hydro-fluoric acid is for destroying the polish 
of glass; but for this purpose it is adviseable to prepare it m a state of 
considerable dilution, by receiving the gas into water, contained in a 
leaden vessel. It may, also, be employed to etch on glass, as copper 
is engraved by aqua fortis; and it affords an useful means of sepa^ • 
rating potash from its acid combinations, since it detaches that alkali 
in the form of an insoluble compound."*^ 

JVature of Fluoric Acid. 

The experiments of Sir H. Davy, made in 1808, led him to conclude, 
chiefly from the action of potassium on silicated fluoric gas, that the • 
fluoric acid is a compound of oxygen with a combustible basis. But as 
all acids, so constituted, are decomposed by galvanic electricity, their 
base being determined to the negative, and their oxygen to the posi- 
tive pole, he has lately t submitted liquid fluoric acid to this test, after 
havins first ascertained, by the result of its combination with ammo- 
niacaf ^s, that, in its strongest form, it contains no water. Consider- 
able difficulty was experienced in making the necessary exposure of 

* Wheeler in Journal of Science, &c. iv. 28^. 
t Phil. Tnns, 1813, part 2; and 1814, part 1. 
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the liquid to electricity, (partly in consequence of the dangerous 
fumes which it emitted,) and also in collecting the products. At the 
negative pole, a gas was evolved, which, from its inflammability, ap- 
peared to be hvdro^n. The phUinawire at the positive pole was 
rapidly corroded* and covered with a chocolate powder».the properties 
of which seem not to have been examined. 

When fluate of ammonia was treated with potassium, no evidence 
was obtained of its containing oxygen. Charcoal, also, intensely 
ignited in fluoric acid gas, gave no carbonic acid. The most simple 
way of explaining the phenomena appears, therefore, to Sir H. Davy» 
to be by the supposition, that tiie fluoric acid, like the muriatic, is 
composed of hydrogen, and a peculiar base, possessing, like oxygen 
and chlorine, a negative electrical ener^, and hence determined to 
the positive surface. For this base, which, like chlorine, he believes 
to combine at once with metals, the name o( fluorine has been pro- 
posed. This substance, from its strong afiinities and decomposing 
agencies, has not yet been exhibited in a se|>arate state; nor have 
any of the attempts to detach it from its combinations by chlorine or 
oxyffen, (on the presumption that the attraction of one oi those bodies 
for me metals might be superior to thai of fluorine,) been hitherto 
successful. 

The number representing the atom o^ fluorine, as deduced from the 
composition of fluor spar, is 17.1 ; and fluor spar must be composed 
of 20 calcium and 17.1 fluorine. On the whole. Sir H. Davy is dis- 
posed to estimate the weight of the atom of fluorine at less than half 
that of chlorine, and to fix it at S3, which is equivalent, on Mr. Dal- 
ton*8 scale, to 16.5 

Fluohoric Jicid» 

With the view of obtaining fluoric acid gas perfectly free from 
water, both Siir H. Davy and Gay Lussac appear to have had recourse 
to the same expedient, viz, that of distilling perfectly dry boracic acid ^ 
wifli fluate of lime. When these substances were exposed to a strong 
heat in an iron tube, in the proportion of one part of the former to 
two of powdered fluor spar, a ^ was collected in great quantity, 
which exhibited singular properties, and to which Messrs. Gay Lus- 
sac and Thenard have given the pame of gas fiiiohorique, or Auoboric 
acid gas. It may, also, be obtained by distilling in a retort one part 
of vitreous, boracic acid with two of fluor spar and 1£ of sulphuric 
acid. One hundred cubic inches W^igh 73.5 grains. 

This gas, according to the latter chemists, appears to contain no 
water, and to have so strong an affinity for it as to take it from other 
gases, which hold watier in combination. Hence, when iQixed with 
most of those gases, on which it does not exert a chemical action, 
such as atmospheric air, it loses its transparency and becomes 
cioudj. 

With ammoniacal gas it unites in two proportions. If the alkaline 
gas be put first into me tube, equal measures combine t<^therj and 
tne compound is neutraL But if we admit fluoboric gas by bubbles 
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to the alkaline gas, we obtain a compound, with an excess of bas0» 
consisting of one measure of fluobonc gas to two of ammonia. 

Fluoboric gas is absorbed copiously by water, which takes up 700 
times its bulk, and acquires the specific gravity 1.77. The saturated 
solution has the causticity and aspect of strong sulphunc acid; re- 
quires for ebullition a temperatnre considerably exceeding 2l^° Fah- 
renheit; and is condensed again in strice which contain much gaSf 
From analogy. Gay Lussac supposes that nitric and even sulphuric 
acids would, if they x:ould be obtained free from water, be equally 
elastic with this. 

When potassium or sodium was heated in fluoboric gas. Gay Lus- 
sac and Thenard obtained fluate of potash or soda, and the base of 
the boracic acid. 

The liquid acid acts almost as intensely as sulphuric acid on vege* 
table substances. It blackens paper, and affords a true ether with 
alcphol. It has no effect in corroding glass. 

From analysis. Gay Lussac and Thenard, as well as Sir H. Davy, 
have determined it to be a compound of boracic and fluoric acids, in 
proportions not yet ascertained. 



CHAPTER XVm. 



IODIN£ AND rrS COMPOVKDS. 



IODINE was discovered accidentally, about the beginning of the 
y^ar 1812, by M. Courtois, a manufacturer of saltpetre at Paris. In the 
pisocesses for procuring soda from the ashes of sea weeds, he fouiid 
his metallic vessels much corroded; and in searching for the cause, 
he made this discovery. Specimens of the new substance were given 
to MM. Desormes and Clement, who read a short memoir upon it, at 
a meeting of the Institute of France, in November, 1813. Its pro* 
perties and combinations have since been' ably investigated by Yatt- 
quelin;* by Gay Lussac ;t by Sir H. Davy ;{ and by Gaultier de Clau-» 
bry and Colin.$ 

When all the soda has been separated by crystallization from a so- 
lution of kelp or barilla, or from the ley of ashed of marine plants, 
that afford the mineral alkali, in order to procure iocUne from the resi- 
duary liauor, concentrated sulphuric acid is to be poured upon it, in 
a retort tiimished with a receiver. The iodine passes into the receiver^ 
onder the form of beautiful violet vapours, which are condensed in 
crystalline plates, having the aspect ot plumbago. To purify it from 
the redundant acid, that comes over with it, the iodine may be re% 

* 90 Ann. de Chim. 206. f ^^ Anp. de Chim. 

f Phil. Trans. 1814. , i 90, 91, and 93 Ann. de Chim. 
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dtstHled from water, containing a very small quantitjr of poilish, and 
afterwards dried by pressing^it between fdtds of blotting paper.^ 

General /'ra/wrties.— -Iodine is a solid, at the ordinary tempera* 
ture of the atmosphere. It is often in scales, resembling those of mv^ 
caceous iron ore; sometimes in large and brilliant rh'omboidal plates; 
and occasibnally in elongated octohedrons.t Its colour is bluish 
black; its lustre metallic; it is soft and friable, and ma^ easily be rub- 
bed to a fine powder. Its taste is very acrid, though it is sparingly 
soluble in water, which does not take up above one TOOOth part ofite 
weiffht. Its specific. gravity, at 60° Fahrenheit, is 4.946. It is a non- 
conductor of electricity; and possesses, in a high decree, the electri- 
cal properties of oxygen and chlorine, being determined to the posi- 
tive pole of a galvanic arrangement. When applied to the skin, it 
produces a yellow stain, but this disappears as the iodine evaporates. 

Iodine is fusible at 2^° Fahrenheit, and, under the ordinary pres* 
sure of the atmosphere, is volatilized at a temperature somewhere 
near 350°, forming a gas 117 J\ times denser than hydrogen, or, ac- 
cording to Sir H. Davy, weighing 95.£7 grains for 100 cubic inches. 
The volatilization of iodine at the heat of boiling water, which bap- 
pens when it is distilled with that fluids depends on its affinity for 
aqueous vapour. The colour of its vapour is a beautiful violet, and 
hence its name (from ia»^4$, violaceus). 

Action of Oxygen^ — ^Iodine undergoes no chanse by being heated 
in contact with oxygen gas, or with hyperoxy-munate of potash. It 
will appear, however, in the sequel, that, by the intervention of euchlo- 
rine, it admits of bdng combined with oxygen, and that it then fur- 
nishes a peculiar aoid with that body. 

Jietion of ^trogen, — ^Azotic gas has no action on iodine, but a 
compound of iodine nitrogen will be described in speaking of the 
effect of ammonik * 

Action of Water.'^lt ha» no power of decomposing water, eveii 
when the mixed vapours of the two substances are, passed through a 
red hot tube. 

Jiction of Sydrofferu^^The affinity of iodine for hydrogen is verv 
strong, ana it absorbs thatt^sis from hydrogen gas, and detaches it 
from several of its combinations, affoitling, as the result, a distinct 
and well characterized add. 

If iodine be heated in dry hydrogen gas, au expansion of its volume 
takes place; an acid gas is formed, which is very absorbable by water, 
and acts so much on mercury that it cannot be preserved long over 
that metal. A similar gaseous compound is formed, by exposing 
iodine to sulphuretted hvdro^n gas. But it is best prepared, in 
quantitv» by the action of moistened iodine and- phosphorus on each 
other, the pbosphorus being in excess, and the mixture distilled in a 
retort The gas may be received into a vessel filled with common 

* More minute directions for its preparation are. given ia the Phil. Mag, xl/ 
.57, 141, and 209. 

t Br. WoSaston has described the form of its crystal in Thomson's Annalsj 
y, 237- See also Joum. of Science, &g« v. 364. 
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air« which it expels by its superior gravitjr. Gay Lussac reeommendst 
instead of a retort, a small bent -tube, which, after patting the icniine 
into it, is to be inverted over mercury; the air, which it contains, is 
to be expelled by a glass rod, that almost fills its capacity; and the 
phosphorus is to 5e brought into contact with the iodine, by intro*^ 
ducing it through' the mercury. As soon as the contact takes place, 
the acid gas is disengaged, and may be collected by putting the open 
end of the tube under a glaas jar standing inverted in mercury* 

No sooner does the gas come into contact with the mercury, than 
it be^ns to be decomposed; and if the contact be prolonged a suffi- 
cient time, or agitation be used, the decomposition is complete. The 
iodine unites with the mercury; and there remains a volume of hy- 
drogen gas, which ia exactly one half that of the acid gas. It id 
decomposed, in a similar manner, by all metals, except gold and 
platinum.. 

The acid gas is colourless, its taste is very -sour, and its smell re- 
sembles that of muriatic acid gas. Its specific grs^vity was found by 
experiment to be 4.443; by calculation it should have been 4.4£8. 

The acid gas is rapidly decomposed by being heated in contact 
with oxygen gas, which detaches the hydrogen* Chlorine also, in- 
stantly deprives it of hydrogen, and produces muriatic acid gas; and 
th^ iodine re-appears in the form of a beautiful violet vapour. When 
mixed with proto-phosphnretted hydrogen, both gases are condensed 
into white cubical crystals, which are volatilized at a moderate heat 
witljjSut fusion or decomposition.^ It is composed, by weight, accord- 
ingto Gay Lussac, of 100 iodine and 0.849 hydrogen. 

For this compound Sir H. Davy has proposed the name of hydroU 
onic add, and Gay Lussac thajt of hywriodic acid I prefer the lat- 
ter; because it is easier, by varying its termination, to express its 
combinations with alkaline and other bases. * •* 

Hydriodic Acid Gas is plentifully absorbed by water; the solution 
is fuming, and has the density of 1.7. To prepare this liquid in quan^ 
tity, Gay Lussac recommends to put powdered iodine into water, and 
to pass sulphuretted hydrogen gas through the mixture. The hydro- 
gen unites with the iodine, and we sulphur is precipitated. The liquid 
may be co9centrated by evaporation. Till it attains tlie temperature 
of 257^, water only distils; above this point, the acid itself is volati- 
lized, and remains stationary at 262 j*', its density being then 1.7. 

The liquid acid is slowly decomposed by contact wiui air; its by- 
dpoj^n b^ing attracted by the oxyeen of the atmosphere, and a portion 
of iodine liberated, which gives the liquor a colour of intensity pro* 
portionate to the quantiir.of free iodine. Concentrated sulphuric 
acid, nitric acid, ai\d chlorine, decompose it, and separate iodine* 
With solutions of lead, it^ves a fine orange precipitate; with soluticm 
of per-oxide of mercury, a red one; and witn silver, a white precipi- 
tate, insoluble in ammonia. 

When submitted to Galvanic electricity, the liquid hydriodic licid 
is rapidly decomposed; iodine appears at the positive^and hydr^en 

* 6 Aqn.. de Cblin. et Phys. 305, 
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at the'negative pole. It dissolves zinc and iron, with a disengagement 
of hydrogen gas, which proceeds from the water. It has no action on 
mercury, though the gas so powerfully affects that metal.. It is decom- 
loosed by those oxides, which hold their oxygen loos^,' and combing 
with the rest, forming a genus of neutral salts, called h^riodates. 

In general, the hyariodates are readily soluble in miter. Those of 
potash and barytes iare not decomposed by heat, except oxygen is in 
contact with them; the salt with base of lime is wholly, and mat with 
base of magnesia partially, decomposed at high temperatures. 

Charcoal does not combine with iodine. 

Sulphur and Iodine unite at a gentle heat, and a black radiated 
compound is formed, resembling sulphuret of antimony. It is easily 
decomposed by a degree of heat a little higher than that at which it 
was formed, and iodine is detached in vapour. 

Phosphorus and Iodine combine at the temperature of the atmos* 
phere, according to Sir H. Davy, evolving much heat, but no light; but, 
according to Thenard, with a disengagement both of light and heat*. 
The result is a phosphuret of iodine, of a reddish brown colour, the 
solidity, fusibility, and volatility of which v^ary witli the proportions of 
its ingredients. If both the phosphorus and iodine are dry, no gas is 
riven out during their combination; but, when slightly moistened, hy- 
driodic acid is formed, by the union of iodine with the hydrogen 
of the water; a little subphosphuretted hydrogen is produced ; and 
phosphorous acid remains in solution. The hydriodic acid gas is also 
formed, when the phosphuret of iodine, produced from dry materials, 
is added to water. 

Potassium and Jorfing.— Potassium burns in the vapour of iodine 
with a pale blue light, and without the disengagement of any gas. The 
substance produced is white; fusible at a red heat; and soluble in 
water. It has a peculiar acrid taste. When acted upon by sulphu* 
ric acid, iodine is set at liberty. The same compound is obtained, by 
heating potassium in hydriodic acid gas, which is decomposed, and 

e'clds half its volume of hydrogen gas. To this compound Sir H. 
avy has given the name of iode ^potassium, the term iode being a 
generic one for the compounds oi iodine with the metals and ofter 
combustible bases. Gay Lussac has proposed the name ofiodures but 
it is more conformable to analogy with the similar compounds of oxy- 

fen and chlorine to give, to the combinations of iodine with combust!- 
le bases, the appellation of iodides. 
When iodide of potassium, silver, mercury, or lead, is heated in 
chlorine gas, iodine is eitpelled, and henCe the affinity of chlorine for 
those metals surpasses that of iodine. Sulphuric acid extricates some 
iodine, and occasions a production of hydriodic and sulphurous adds. 
Oxalic, acetic, sulphurous, and phosphoric acid have no action on the 
iodurets. 

Iodine and .^nraJies.— When iodine in vapour is passed over ignited 
hydrate of potash, oxygen is disensaged, and a compound is formed^ 
precieely similar to that which results from the combination of iodine 
and pot^issittm. Hence the afl&nity of iodine for potassium exceeds 
that of oxygen; and the same may be said bf several other metals. 
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thoug^i not of all, their oxtde$ oeing decomposed by iodine. From 9ub^ . 
carbonate of potash, it displaces two volumes of caiijonic acid luul one 
of oxygen. , * " ' 

When iodt^i^ thrown into a moderately strong solution of potash,' 
rendered per^tly caustic, it is dissolved; and, during its solutiont- 
crystals fall do^n, which may be obtained abundantly, by saturating 
the liquid with iodine. To obtain these crystals pure, they must be 
washed with alcohol of a specific gravity, between .860 and .920. 
They are sparingly soluble in water; have a taste (ike hyper-oxymuriate 
of potash; deflagrate with charcoal; and when heated give oxygen 
gas, and iodide of potassium. With sulphuric acid, they £^(h4 iodine, 
oxygen, and sulphate of potash. 

The liquid, which has ceased to yield these crystals, aSbrds, on 
evaporation, a salt identical with iodide of potassium. In this case« 
Sir H. Davy imagines the potash is decomposed ; one part of it com- 
bines with iodine, and the oxygen, thus set at liberty, unites with the 
other part and with iodine. In his view, therefore, the deflagrating 
salt is a triple compound of oxygen, iodine, and potassium, and is call- 
ed an ooryiode; but Gay Lussac supposes that the iodine is oxyge- 
nated, and forms an acid^ which he calls toc^ic acid; and that this, 
uniting with potash, composes iodate of potash. By acting with 
iodine on solution of barytes, a similar compound was formed with, 
tiiat earth, which, when decomposed by sulphuric acid, gave, he sup- 
poses, a mixture of that acid with iodic acid. But the product, in 
this case. Sir H. Davy has since shown, is a compound of sulphuric 
acid with oxyiodine, which will presently be described. 

Dry ammoniacal gas is abs<»'bed by iodine without decomposition; 
the product is at first very viscid, and has a metallic aspect; but by 
an excess of ammonia, it loses these properties, and becomes of a very 
deep brownish-red. When iodide is added to liquid ammonia, one 
part of it unites with the hydrogen of the alkali, and forms hydriodic 
acidp while another portion of iodine combines with the azote, and 
falls down in tiie form of a black powder. This compound of azote 
^d iodine detonates with a. very gentle heat, and even with the slight- 
cat touch. 

Jodine and CUorim.-^Iodme absorbs less than one-third its weight 
,of chlorine, and forms a peculiar acid which may be called chlortdep 
or ehloriodie^ acid^ and its compounds ehloriodates. According to 
Gay LusscLC, indeed, two compounds result, the one of a fine orange- 
ydlow colour, containing the largest proportion of clilorine» the ot£er 
orange-red. Both are solid and crystalline; deliquiate when exposed 
to the air; are fusible into an orange liquid; and give an orange-co- 
loured eas. The watery solution takes more, iodine, and acquires a 
deep colour; but if agitated with chlorine, it is deprived of colour, lyid^ 
when poured in that state, into solution of potash, the deflagrating salt 
is precipitated. From liquid ammoiE4fi,the c^ourless liquid precipitates 
a white detonating compound; but the coloured soluti<Hi throws down 
^e darker compound, which detonates on the rii^lest touch, and is, 
indeed, identical with that procured bjjr the direct action of iodine on 
ammonia. 
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Chloriodic aeid (or ehhrureef iodine^ as it called by Gar Lussac) 
precipttatea the salts of iron» lead, tin, and copp<.T; probably in the 
siatte of oxyiodes. 

It has been observed by Gay Lassac, that, in order ta convert the 
ivfaole of a quantitjr of aliuili into the deflaeititing salt, without anv of 
the hydriodate, (which otherwise is produced in greater proportion tnan 
tbe oxjriode), it is necessary, first, to combine the ioaine with chlo* 
fine; and, after dissolving the compound in water, to saturate it with 
alkalL' 

Iodine wnd £tteMoriit€.^— When iodine is exposed to euchlorine. 
Sir H. Davy has discovered,* that there is an immediate action ; its 
colour changes to bright orange; and a liquid is formed. By the ap- 
plication of a gentle heat, the orange compound of chlorine and iodine 
IS expelled, and a compound of oxygen and iodine remains. This sul^ 
stance is a white semi-transparent solid; it has no smell, but a strong 
ustdngent sour taste. Its specific gravity is such, that it sinks in 8ul«> 
phuric acid. 

When decomposed by heat in a pneumatic apparatus, it is resolved 
intii oxygen gas and pure iodine; and it is, therefore, termed by Sir 
H. Davy, oxyiodine^ by Gay Lussac» acide iadique imhydre* Thir- 
teen grains afforded ^.25 cubical inches of oxygen gas, » 3«14 grains. 
Hence it is composed of 

Iodine * . • 75.85 • • . 100. . , • 314.8 
Oxygen . . . 24.15 • . . 31.84 . . 100. 



100. 131.84 414.8 

ft 

On the suppositba that oxyiodim is composed of five atoms of 
oxygen and one of iodine, the atom of iodine may be deduced to weigh 
lir.l5, 'Now it is remarkable, that assumii^ hydriodic acid to con- 
sist of one atom of iodine and one of hydrogen, the weight of the atom 
of iodine is 117 J7i for as .849 to 100 (the proportions in which hy- 
drogen and iodine combine) so is 1 to llT'.rr. If 10 represent the 
atom of oxygen, then the atom^ of iodine will weish 150.62. 

Oxyiodine is very soluble in water, and is slightly deliquescent 
Its solution, called by Gay Lussac adde iodique^ first reddens, and 
then destroys, vegetable bines, and reduces other vegetable colours to 
a dull yellow. When evaporated sufficiently, it become^ a thick pasty 
substance, and at length, by a cautbusly regulated heat, yields oxyio- 
dine unaltered. 

* When heated in contact with inflammable bodies, or with the more 
coinbusttble metals, detonations are produced. Its solution in water 
rapidly corrodes all the metals, and even acts on gold and platinum, 
but especially the first 

When its solution is poured into solutions of alkalies, or alkaline 
earths, or when made to act on their carbonates, triple compounds 
are formed of oxygen, iodine, and the metallic bases, called by Sir H. 

* PhU. Tnmfl. 1815, put 2. 
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Davj^ 0ixwnie$$. and iijr Gay Lussac^ it would appear improperlj, £o^ 
dtde$> With solution of ammoaia, it composes oxyiode of ammonia; 
and from the soluble salts of barjtes and strpntites, it precipitates 
their respective oxyiodes. Forty-eight grains of oxyiode of pptassium, 
when decomposed by heat^ aftbrdecf Sir H. Davy 31 cubic.inches, »». 
10.5 grains ot oxygen gas. 

Oxyiodine enters into combination with all those fluid or solid acids« 
which it does not decompose. Sulphuric acid, dropped into a.«ata* 
rated solution of it in hot water, precipitated a solid, wmch,on cooling, 
formed rhemboidal crystals of a pale yellow colour. This compound 
is fusible; and, with a heat pmperly related, may be sublimed unal- 
tered. Hydronitric and hydrophosphoric acids aftord analogous coni'« 
pounds. ' Oxalic and liquid muriatic acids decompose it. All its acid 
combinations redden vegetable blues; dissolve gold and platinum; 
and when added to alkalies or earths^ afford common neutral salts, 
and their respective oxyiodes. In their crystalline state, the com* 
pounds of oxyiodine and acids are most probably hydrates; the acids 
carrying with them, into combination, their definite proportion of 
water. 

For the watery solution of oxyiodine, Sir H. Davy has proposed the 
name of oxyioaic acid, and is disposed to regard it as a triple com- 
pound of iodine, hydrogen, and oxygen; or an oxyiode of hydrogen* 

Iodine and Metals. — ^Ali the metals, with the aid of heat, unite with 
iodine, and form iodes, iodides, or iodurets^ analogous, according to 
Gay Lussac, to sulphurets. When these compounds are placed in con-* 
tact with water, it is decomposed, and a hyariodate pf the respective 
metal is produced, the water furnishing hydrogen to the iodine and 
oxygen to the metal. 

Jy^iture of Iodine. — ^Iodine, from all that we yet know respecting 
it, is to be considered as a simple or elementary body, having a very 
striking analogy with chlorine, which it resembles, Istly, in forming 
one acid by uniting with hydrogen, and a different acid with oxygen; 
2dly, in its effects on vegetable colours; 3dly,in its affording, with the 
fixed alkalies, salts which nearly approach in characters to chlorates 
olr hyper-oxymuriates; and 4thlT, in its electrical habitudes. Its dis- 
covery, indeed, lends strong support to that theory, which considers 
chlorine as a simple body, and muriatic acid as a compound of chlo- 
rine and hydrogen. In the property of forming an acid, whether it 
be united with h3rdrogen or with oxygeni iodine bears, also, an analc^ 
to sulphur; and it is remarked by Gray Lussac of the combinations of 
chlorine, iodine, and sulphur, with the elements of water, that while 
the acids, which they respectively form with oxygen, have their ele- 
ments strongly condensed, those formed with hydrogen have their 
elements verjr feebly united. Sulphur has liie strongest affinity for 
oxygen, then iodine, and lastly chlorine. But for hydrogen, chlorine 
has a stronger attraction than iodine,and iodine than sulphur; whence 
it appears that the affinity of each of those bodies for oxji^n is in- 
versely proportionate to its affinity for hydrogen. 

The source of iodine in nature has been investigated- with muck 
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abilihr by M. Gaaltter de Cfaabry.'^ His first experiments were di* 
rected to the analysis of the several varieties of Fiic«s, the combustion 
of which furnishes the soda of sea-weeds. Before these ve^tables 
ar6 destroyed by combustion, he ascertained that iodine exists in them 
in the state of kydriodate of potash; and that calcination onlyde* 
stroys the vegetable matters, with which it is combined. As the hy- 
driodate of potash is a deliquescent salt, it remains in the mother li- 
qudr, after separating the carbonate of soda, and most of the other 
salts, by crystallization. In the course of these experiments, M. de 
Claubry found that starch is one of the most delicate tests of the pre- 
sence of iodine, and if added to any liquid containing it, with a few 
drops of sulphuric acid, iodine is indicated by a blue colour, of greater 
or less intensity. In this way, he detected iodine in the decoction of 
several varieties of Ftucvs; but he was unable to discover the slight- 
est trace of it in sea-water. The Fucus 8eecharinus yielded it most 
abundantly; and in order to obtain it by the cheapest and easiest pro- 
ce»s» he recommends that we should submit this fucusy dried ana re* 
duced to powder, to distillation with sulphuric acid. 



CHAPTER XIX. 



OF THE GENERAL PROPERTIES OF METALS. 

THE metals compose a class of bodies, which are not more inter>* 
eeting from their application to the common arts of life, than from 
the facts which they contribute to the general principles of chemical 
science. Only seven or eight were known to the ancients; but the 
class has been enlarged, within the last century, by the discovery of 
more than twenty new one^. In addition to the recently discovered 
bases of the alkalies and earths, the following appear to have a suffi- 
cient claim to be considered as distinct metals. 



1. Gold. 
% Platinum. 

3. Silver. 

4. Mercury. 

5. Rhodium.^ 

6. Palladium. 

7. Iridium. 
& Osmium. 
9. Copper. 

10. Iron. 



11. Nickel. 

12. Tin. 

13. Lead. 

14. Zinc. 

15. Bismuth. 

16. Antimony. 

17. Tellurium. 

18. Selenium. 

19. Arsenic. 
SO. Cobalt. 



31. Manganese. 

22. Chrome. 

23. Molybdena. 

24. Uranium. 

25. Tungsten. 

26. Titanium. 

27. Columbium. 

28. Cerium. 



• Ami. de Chim, xciu. 7S, 113. 
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Of a class comprebeiidiiig %o many indiYidaals, it is not easy to 
offer a general description; but it will be found that ttey are alt 
characterised by one or more of the following properties. 

1. Wi& the exception of the newly di&covered bases of Ihe^alkalies 
and earths, they are disUnguished by a high Atgree of specific gra-» 
vity ; the lightest of the metals (tellurium) being considerably heavier 
than tiie most ponderous of the earths. They are, perhaps, the only 
solid bodies, whose specific gravity is affected by mechanical means; 
or, in other words, whose particles can be brought permanently iote 
a state of nearer approximation by external pressure* In consequence 
p{ this property, several of the metala undergo material changi^ in 
their specific gravity, by the mechanical operations of rollins, ham-, 
mering, &c. It may be «[uestioned, whether ^e metals are heavier, 
in consequence of the greater specific gravity of their individual atoms, 
or from aj^reater number of atoms being aggregated into a given 
volume* The former, however, is most probably me case, though it 
must be acknowledged that their specific gravity is by no means eAN 
actfy proportional tb the weight of their atoms. 

2. They are opaque, at least in the state in which they generallv 
occur to our observation. Gold, however, beat into leaves l-280000tn 
of an inch in thickness, transmits a faint greenish light, when held 
between the eye and the direct light of the sun. # 

S, They possess various d^ees of lustre, and it is of so peculiar 
a kind, that it has been tem^ by mineralogists the metallic lustre, 
and referred to as a known standard iii the description of other mine- 
rals. Some of the metals possess this property m so renMirkable a 
degree, as to be applicable to highly ornamental purposes. Polished 
steel takes place of all the metals in the perfection of its lustca; but 
some of the class (as cobalt and nickel) appear to be susceptible of it 
in only a small degree. * 

4. The metals are excellent reflectors, not only of light but of calo- 
ric; and hence they are the best materials for the composition of 
burning mirrors.- From the experiments of Mr. Leslie, they appear 
to possess this property in the .following order, the highest number 
denoting the greatest reflecting power. 

Brass 100 

Silver 90 

Tinfoil 85 

Planished block tin « . 80 

Steel ............ 70 

Lead • • . 60 

Tinfoil softened by mercury .... 50 

In general, the reflecting power was fband, by Mr. Leslie^ to be 
proportionate to the decree of polish, and to be impured by every 
thing that diminished this quality. A tin reflector, for ezampe, had 
its reflecting power diminisned ntne-tenths by being rubbed with sand 
paper. 

5. Metallic bodies are, of all others, the best conductors of electri- 



OHAP. XXX. GjmmtL^ f&ope&this. 31 

oify. Thw property efelectFOHn<»tion liaft already been described, 
in the cha|iler en the chemical i^ncied of electricity and galvamsm^ 

6. They a>e, also, excellent condttctors of caloric. 

7. One of the most useful properties of the metals is their nmUea* 
hility, or capacity of bebg extended by the blows of a hammer. In 
this <}uality, gokl takes place of all the rest The sold-leaf, which is 
sold in books, is so extremely thin, that less than nye grains cover a 
surface of about ^rs^ square inches; and the Sickness of each leaf 
does not exceed l-S8202(Hh part of an inch. All the metals« bowe?er» 
are.not malleable. Gold, platinum, silver, pidlatfium,'^ mercury (in its 
frozen state), co{»per, iron, lead» tin, zinc, and nickel,* are tiie onl^ 
ones to whkh this property belongs. The rest, on account of their 
btittleness, were formerly called semUma^tala. But since, even ia 
these, a diminishing progression of malleability may jbe observed, the 
distinction, though retai^d in common language, is veiy properly re** 
jected from chemical and mineraloffical systems. 

8* All the metals that have been (Ascribed as malleable (with the ex* 
ception, perhaps, of nickel) are also ductile^ or may be drawn out Uito 
wire. In this respect, also, gold appears to take precedence of the rest, 
for it may be drawn out into wire not tlucker than a human hair. 

9. Wires of the same diameter, but of different metals, are found 
to be capable of sustaining very different weights This arises from 
their vanable tenacity ^ which is estimated by ^adually adding weights, 
till the wire b broken. From tiie experiments of Uuyton MOrveau, 
the following are the utmost weights, which wires of 0.787 of an Ei^- 
llsh line in cSameter can support without breaking. 

ll». deel. 
ftvnird. parts. 

A wire of iron supports 549.^0 

■ ' ' ■ copper 302.278 

— ■ ■ " platinum . • 274.320 

wlver 187.137 

gold '• 150.753 

' " ' zinc 109.540 

tin 34.630 

lead — 27.62lt 

The tenacity of tin is greatly inferior to that of gold ; and lead has 
still less tenacity than tin, and even than some sorts of wood. 

10. Some of the malleable and ductile metals have, also, a high de- 
gree of dastieity. This property fits them for being applied to the 
nechamcai purpose of s^ngs. Steel and iron are, in this respect, 
saperior to all other metals. 

mside the circumstances of agreement in their physical qualities, 
which hove been enumerated, the metals r^emble each other, also, ia 
tiinr chemical properties. Some of these resemblances it may be pro- 
per testate, for tte pvirpose of avoiding unnecessary repetitions. 

• Nickel pn the authority of Bichter 
t n 4Rn> ^c Clldm. 183. 
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. The metals, so far as we knottr at present, are simple or elementary 
bodies, and may be arranged in the class of simple combustibles* 
They were formerly, indeed, considered, but on very insufficient evi- 
dence, as cotnposed of a combustible base, peculiar to each metal, 
united with a general principle of inflammability, which received the 
name of phlogiston. When the metals are exposed to a strong heat, the 
first change which is mroduced in them is that they melt, or run into 
fusion. This effect ta^es place^ in the different metals, at very diiTe- 
cent temperatures. Some of them may be made to boil, and are actu- 
ally converted into vil|>our, at a heat considerably below redness; while 
others require a very intense heat for their fusion. By a sufficient 
elevation of temperature, it is probable, however, that they would all 
be volatilized; for platinum itself, which does not melt at a less heat 
than 170® of Wegdwood, has been observed to boil, when placed in 
the focus of a powerful burning lens.* In some of the metals, no far- 
ther change is produced by the application of heat with the free access 
of air; and they return, on cooling, to their former condition. But 
other metals undergo a very remarkable change. Their cohesion, 
liistre, malleability, tenacity, and all the properties that have been 
described as characteristic of them, are destroyed. Though their eib- 
solute weight is increased, yet they become specifically lighter, and 
they are distinguished by a new train of properties not observed ih 
the metals themselves. 

These changes have been very differently explained, at diflferent 
periods in thenistory of chemical science* On the theory of phlogis- 
ton, they were accounted for by assuming that the metals, during the 
process of exposure to air at a high temperature, abandon their phlo- 
giston, which, it was supposed, unites with the air and renders it phlth- 
gisticatedf and consequently unfit for supporting the combustion of 
other inflammable bodies. The hypothesis, however, could no longer 
be maintained, when it was proved that the metals, so far from losing 
weight, become heavier after the operation; and though various at- 
tempts were made, by modifications of the theory, to accommodate it 
to this fact, yet none of them can be considered as having been at all 
successful. 

The theory, which is now almost universally admitted, as best ex- 
plaining the phenomena in question, though suggested by the hints fur- 
nished by preceding discoveries, was first reduced to a systematic 
and consistent form by Lavoisier. The metals, according to the views 
of this enli^tened philosopher, undergo the changes that have already 
been descnbed, in consequence of the absorption of oxygen from the 
air. Hence, while the metallic body becomes heavier, the air, in 
which the process is performed, should sustain a proportional dimi- 
nution of weight That this is the fact, admits of being demonstrated; 
and. still more readily and satisfactorily, if we employ oxygen gas in- 
stead of common ur. A certain quantity of oxygen gas (or the whole 
indeed, under favourable circumstances) disappears; and the increase 
of weight in the metal is found, on examination, to be precisely equal 

* Annales de Qlumley Ixix. 92. 
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to that of the gas which has been condensed. In some cases*, we can 
even go fieirtber: and separate the oxygen from the metal by the mere 
application of heat, the oxygen being recovered in the state of gas, 
and the metal returning to a metallic state. Mere satisfactory evi<- 
denqe than this could scarcely be required of the nature of the change 
which taKes place; and it may be admitted, therefore, as anestablisn- 
ed truth, that metals lose their metallic form, inconsequence of their 
combioflition wi^ oxy^n. The process has been caUed by Lavoii»ier 
i)xidation, and the result of it an oxide* For the< former term, how- 
ever, Mr. Chenevix, influenced by reasons which are stated in his 
work on chemical nomenclature, has proposed to substitute that of 
oxidizement. In the following pages, I shall employ both these ex- 
pressions indlscrimipately. 

The phenomena and results of the oxidizement of metals are not 
the same in all cases, but differ very considerably with respect to dif- 
ferent metals. 

1. Some metals are oxidized by mere exposure to atmospheric air 
at the ordinary temperature, and even to air which has been deprived 
of its hygrometric water. Arsenic, manganese, and the new metals 
.discovered by Sir H. Davy,' are perhaps the only ones which have 
been proved to possess this property. Others, it is true, as Lead and 
copper, are changed by the action of the air, but extremely slowly, 
and not without the conjoined operation of moisture. 

2. Other metals undergo this cnange, but not without a considerable 
increase of their temperature. Iron, zinc, copper, tin, &c., when heat- 
ed to redness, lose their metallic lustre, and are slowly converted into 
variously coloured oxides. In some instances, the process is accom- 
panied with so abundant an extrication of light and heat, as to exhibit 
a vivid inflammation. This ha.ppens, chiefly, with some of the volatile 
metals. Arsenic and zinc, for example, when projected into a red-hot 
crucible, emit a brilliant flame. In other metals, the process is unac* 
companied by any remarkable phenomena, and is known .to have 
taken place only by its results. 

To convert the metals into oxides, there is a degree of heat, which 

is peculiar to each metal, and even to diflerent oxides of the same 

* metal. Mercury, for example, is oxidized, at a degree of heat, which 

produces no change on iron; and lead at one degree of temperature 

becomes minjum, at another massicot 

3. With the exception of mercury, the metals, which have been 
called perfect (comprehending, also, gold, platinum, silver, and palla- 
dium), are not oxidized, evej^ by the combined operations of air and 
of an increased temperature. Gold^ silver, and other metals of this 
kind, may be kept for many days in fusion, without undergoing any 
change. That they have an affinity, however, for oxygen, and are 
evea capable of talung it from atmospheric air, is proved bj the effect 
of an electrical of galvanic battery. By the former, the wires of the 
perfect metals are, at the same moment dispersed into smoke and 
oxidized ; and by transmitting a powerful discharge, through any of 
the perfect metals beaten into thin leaves, the metal burns with a re- 
markable degree of splendour. 

Vol. IL—E 



54 U&tALS IN GEIlfellAL. QHAP* XIX.. 

4« All metals, that are oxidized bj atmospherical air, are still mor^ 
readily oxidized by oxygen gas. In many.cases a metal, which un- 
dergoes this change slowly and invisibly by the action of air, takes 
fire in oxygen gas, and exhibits a bright inflammation. For example, 
it has already been shown, that an iron wire may be entirely and vi- 
vidly consumed in oxygen gas. 

These are the most simple cases of metallic oxidiz^ment In or- 
der that the changes, which have been describid, m^ take place, it 
is only necessary that there should exist a stronger affinity^between 
oxygen and the metal, than between the oxygen and light (and per- 
haps the electricity) which constitute the gas. . In other cases, the 
phenomena are more complicated, and the metal acquires oxygen by 
the decomposition of sofiie other compound. Of these sources of oxy- 
gen, the most important, if not the only ones, are water, the acids, and 
other oxides; or compounds containing one or more of these sub- 
stances. 

I. Water gives up its oxygen to those metals only which manifest 
a powerful afiOinity for that basis, and, generally speaking, to those 
which are most efficient in decomposing atmospherical air. The 
newly discovered metals of Sir H. Davy decompose it with a rapi- 
dity, which amounts to actuiEtl inflammation; but, in general, the 
change is slow at common temperatures. Iron filings, H>r example, 
when moistened with water, and confined in an inverted jar over 
mercury, become very gradually oxidized, and evolve hydrogen gas* 
But water, brought into contact with red-hot iron, is rapidly decom<> 
posed, and hydrogen gas is disengaged in torrents. 

Water, it is observed by Gay Lussac, has the power of bringing all 
metals, on which it is capable of acting alone, to tlie same degree of 
oxidation as when assisted by the action of acids, sometimes to a 
higher degree, but never to ah inferior one. Thus water by itself 
oxidates tin to the viiaxinmm^ and iron and potassium to the medium; 
but mingled with acids, it oxidates iron and tin to the minimum, 

II. All those acids in which oxygen has been proved to exist, and 
especially those which Dr. Thomson has called suj^porters of combus- 
tion, and the neutral salts containing them, are efficient means of ox- 
idizing the metals. In general, the less strong the affinity of the acid^ 
base mr oxygen, the more rapidly is the metal oxidized. Those acids, 
that have not been proved to contain oxygen (except the Axymuria- 
tic, tlie presence of oxygen in which is still a subject of controversy) 
are remarkably inert in their action on metals;, and the same inacti- 
vity belongs to other acid^, in winch the oxygen and base are held 
combined by a powerful affinity. Thus concentrated sulphuric acid, 
at the temperature of the atmosphere, scarcely attacks any of the 
metals; because the oxygen and sulphur, of which it consists, forci- 
bly attract each other. Oa the other hand, the nitric and nitro-rau- 
riatic acids, in which there Sxists a large quantity of loosely com- 
bined oxygen, readily abandon a part of it, and act on the metals with 
considerable energy. Even the perfect metals are oxidized by the 

{ f last acid; and thus we obtain proof that the resistance, which the per- 

fect metals show to the action of oxygen gas, is not owing to their 
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want of affinitj for that basis, but to the predominance of other op- 
posing forces. 

Some of the acids, which dp not, in their concentrated state, act 
upon metals, acquire the power of oxidizing^^em when diluted with 
water. Tliis is true of » the sulphuric and muriatic acids, to either of 
which, when concentrated, we may apply iron or rinc, without any 
change ensuing. But on adding water, the metal disappears, and -hy- 
drogen gas is abundantly evolved^ Now it is a principle, to which no 
exception has y^et been discovered, that a metal cannot, in its perfect- 
ly metallic state, iinite with any acid. In order to be dissolved, it 
must first be brought into the state of an oxide; and in the case which 
has been just now stated, no substance^ capable of furnishing oxygen, 
is in contact with the iron except water. As an additional proof that 
water is, in this instance, the source of the oxygen, it has been ascer- 
tained that no portion of the acid is decomposed; but that the same 
quantity of acid exists in combination with oxide of iron, as was ori^* 
ginally submitted to experiment 

Bjr measuring the quantity of hydrogen gas, evolved in experiments 
of this kind, it is not difiicult to calculate how much oxygen the metal 
bas acquired; since every 100 cubic inches of hydrogen gas indicate 
the transference to the metal of about 17 grains of oxygen. Equal 
weights of different metals evolve different quantities of hydrogen 
gas, in consequence of their combining with different* quantities of 
oxygen* If one metal, for example, in order to become soluble in sul- 
phuric acid, require 40 per cent of its weight of oxygen, and another 
only 90 per cent, the former will disengage twice as much hydrogen 

§as as the latter. Thie same metal, also, in different states, may evolve 
iflferent quantities of hydrogeii. If, for example, the metal be already 
a little oxidized, -it will set at liberty less tiydrogen than if it were 
perfectly metallized. Oh this principle, the different proportions of 
real metal in several varieties of iron and steel have been investigated, 
the most perfectly metallized iron yielding, of course, the most hydro- 
gen gas. 

The phenomena, observed during the solution of a metal, and thosis 
attending the solution of its oxide, in the same acid, are essentially 
Mi£ferent For the most part, a metal is dissolved with effervescence, 
an appearance always occasioned by the escape of gas. Iron, it has 
alreaay been stated, effervesces strongly during its solution in dilute 
sulphuric acid; but the black oxide of timt metal is taken up silently, 
and without any dischai^e of gas. 

III. The metals may be oxidized by the transfer of oxygen from 
other metallic oxides. Thus, when iron filings are distilled with 
the red oxide of mercury^ the oxygen passes to the iron, and the 
mercury is revived, or appears in a metallic state. In a similar 
manner, the oxides held in solution by acids^ are decomposed by 
immersing, in the solution, other metals. When copper, tor exam- 
ple, is immersed in a solution of nitrate of mercury (consisting of 
^ide of mercury and nitric acid) the latter metal is deprived of its 
oxygen by the former, and appears on the surface of the copper in a 
revived state. The nitrate of copper, which is thus produced, is pr«,- 
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<^ipitated bj iron, which has a stronger affinity thun copper for oxy- 
gen. A variety of similar examples might be given, in whi<;h the pre- 
cipitating metal takes 0!^gen from that which is precipitated. ^ In 
cases of this sort, it mi»t be confessed that the comparative affinities 
of ihe acid for the oxides of the two metals have some share in the 
effect, but much less than the affinities o£ oxygen separately consir 
dered. The precipitated metal, also, is seldom quite pure, but almost 
always contams a poftion of the metal, which has caused the precipi- 
tation. 

From an attentive examination of facts of this kind, Lavoisier has 
deduced the proportion of oxygen necessary to the solution of differ- 
ent metals, according to this analogy: .As thequaMity of the precipi- 
tant is to that of the precipitated metal, so is the quantity of oocy- 
gen necessary for the solution of the precipitated to that necessary/ 
for the solution of the precipitant. Thus it has been found by -expe- 
riment that 135 grains of mercury are necessary for the precipitation 
of 100 grains of silver from the nitric acid. It is evident, then, that 
135 grains of mercury require, to become soluble, the same quantity 
of oxygen as 100 grains of silver; and, therefore, as 100 to 135, so ia 
the quantity necessary to render soluble 100 grains of mercurjr, to 
that necessary for the solution ot iOO grains of silver. Now eight 
grains of oxygen are necessary to^^lie solution of 100 grains of mer^ 
cury; and therefore 10.8 grains are required for the solution of 100 
grains of silver By an extension of the same experiments to other 
metals, Lavoisier formed a table of the quantity of oxj:gen necessary 
for the solution of all the metals; but I omit giving it in this place,, 
because subsequent discoveries have pointed out in it several inac- 
curacies. 

Suoh are the principal means of effecting the oxidation of metals. 
Different individuals of the class, it has already been stated, combine 
with different proportions of oxygen; and it has been conceived by 
M. Frere de Montizon, that a relation exists between the specific gra- 
vity of the nietals, and the quantity of oxygen, with which tney are ca- 
pable of uniting, the oxygen being either a multiple or submultiple 
of the density.* Thus the specific gravity of manganese being 7, the 
oxygen of the protoxide is by experiment 28.1, which is very nearly 
a multiple of the density by 4. The law, however, cannot be coni- 
sidered as sufficiently established. If it were to hold good univer- 
sally, it would indicate the existence of a relation between the den- 
sity of metals and the weight of their atoms. 

The same metal, it may now be added, is susceptible of different 
degrees or stages of oxidation. Iron, for example, when united with 
oxygen in the proportion of 29.5 grains to 100 grains of metal, com- 
poses a hlacJc oxide; and with 43.5 parts of oxygen to 100 of metal, 
it constitutes a red oxide. These ciifferent oxides of the same metal 
have not only different colours; but each of them is characterized by 
a distinct train of chemical properties, and especially by different 

* Ann. de Chim. et Phys. vii. 7. Thomson's Ann. xii. 8. 
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habitudes with respect to the acids. Thus the black oxide of iron 
readily unites with muriatic and sulphuric acids; but the red oxide 
less easily. TH^ salts with base of the first oxide afibrd a white pre- 
cipitate with triple prussiate of potash; an4 none at all with the gallic 
acid, or with sulphuretted hydrogen. But the salts, in which the iron 
is at the maximum of oxidation, give a deep-blue compound with the 
triple prussiate, and a black one with the gallic acid. 

It is an interesting question, whether the same metal is capable of 
uniting with oxygen, in all proportions between the maximum and 
minimum, or whether it does not rather combine witli that principle 
in a fevif proportions only, between which there at-e no intermediate 
compounds. Are ther^, for example, only two oxides of mercury, the 
hlojck, consisting of 100 parts of metal united with four of oxygen ; 
and the redy composed of the same quantity of metal and eight parts 
of oxygen? The determination of this point reauires more precise 
and multiplied appeals to experiment, than have hitherto bAn made. 
But in a great vanety of cases, where the question has been accurate- 
ly investigated, difierent oxides of the same metal do appear to con- 
tain oxygen, in proportions which are simple multiples oi each others 
and the fact will probably be established with respect to all other 
oxides. It is by no means necessary, horwever, that the possible num- 
ber of oxides of any one metal should be limited, as Proust has sup- 
posed, to two; for it is perfectly consistent with the atomic hypothesis 
that there may be three, four, or even a greater number. 

It had been long known that of different oxides of the same metal, 
the one which contains a larger proportion of oxygen is capable of 
saturating more acid, than the one which contains less. Two of the 
illustrations, which are given of this principle, are furnished by the 
muriates of copper and the muriates of mercury. Corrosive muriate 
of mercury is composed of the red oxide of that metal, united with 
muriatic acid ; and the sub-muriate (calomel) consists of the black 
oxide, combined with the same acid. Now it is remarkable that, ac- 
cording to the experiments of Thenard, the oxygen in the red oxide 
is just double of that in the l^lack; and that tlie acid in the corrosive 
muriate is, also, precisely double that in the sub-muriate. Similar 
facts have been ascertamed by Proust, with re^ct to the two mu- 
riates of copper, as appears from the following statement. 

flOO copper. 
The green muriate consists of < 94.57 oxygea. 

I 83.18 acid. 

f 100 copper. 
Thp white muriate of ... < 12,28 oxygem 

I 41.59 acid. 

The same law appears, als<k from the experiments of Sir H. Davy, 
to hold good with respett to the oxides of potassium and sodium. To 
this principle, an important addition has lately been, proposed by Gay 
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Lussac,* and supported by a varietj of illbstrations: viz. that the 
qttantity of acid, which different metals require for saturation, is in 
direct proportion to the quantity of oxygen in tneir^oxides. Let us 
suppose, for example, that of ^nj two metals, A combines with twice 
as much oxygon as B; then, a given weight of the oxide of A will 
neutralize twice as much of any acid as an equal weight of the oxide 
of B. 

The solubility of the metallic salts in water, it has been observed by 
Gay Lussac, bears a proportion to the quantity of oxyen in the oxides; 
andf consequently to the quantity of acid with which that oxide is com- 
bined. Salts, in which the metal is at the minimum of oxidation, are 
generally those which are most insoluble. This is the fact with re- 
spect-to the salts of lead, silver, and mercury; for these are metals 
which, at the minimum of oxidizement, take very little oxygen, and 
consequently very little acid. Corrosive muriate of mercury, also, 
which contains the largest proportion of oxy^n and acid, is much 
more soluble than the submuriate, in which both the oxygen and acid 
are present in considerable less quantity. 

An important law has been deduced by Berzeliust from the compa- 
rison of a great number of facts; viz. that in all neutral salts, the Oxy- 
gen of the acid is a multiplication of that of the base by some entire 
number. The law, he apprehends, may be expressed more generally 
in the following terms. When two oxidated substances enter into a, 
neutral combination, the oxygen of that, which, in a gahanic circle, 
would be attracted to the positive pole, is a midtiplication, by an en- 
tire number, of the oxygen of that, which would be deposited at the 
negative pole* For example, 279 parts of protoxide of lead contain 
19.95 parts of oxygen, and saturate 100 parts of sulphuric acid, which 
contain 59.85 parts of oxygen. Now the oxygen of the oxide 19.95 
X 3 = 59.85, which is precisely the oxygen ot the acid. The same 
coincidence holds ^ood in a variety of other instances. 

There is a certain state of oxidation, peculiar to the diflerent me- 
tals, in which they are most readily acted upon by the several acids. 
Iron and manganese^ for example, at the maximum of oxidizement, ■ 
are altogether insoluble in nitric acid; but readily dissolve in it, when 
combined with a smaller proportion of oxygen. Even when once 
brought into combination with that acid, the oxide, by attracting a 
further quantity of oxygen from the atmosphere, or from any other 
source, is separated in the state of an insoluble precipitate. This 
principle explains the change, which is produced in solutions of iron, 
by keeping them exposed to air. The oxides of iron and inanganese, 
•saturated with oxygen, are soluble, however, in the less oxygenated 
acids; for example, in the sulphurous or nitrous, which first deprive 
the oxide of part of its oxygen, and then dissolve the less saturated 
oxide. 

Beside the class of acids, which are the best solvents of the metals, 
alkaline solutions act upon metallic substances. The water, which 

• ■ 

* M^moires d'Apcueil, ii. 159 j or 37 Phil. Mag. 200. 
t 79 Ann. de Chim. 127. 
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holds the alkali In solution, is decomposed; its hydro^n is disen- 
'g^ed, and its oxygen transferred to the metal; and the oxide, thus 
produced, is taken up by the alkaline liquor. The oxides ready form- 
ed, are also, in several cases, dissolved by liquid alkalies. When a 
pure ajkali is added to a metallic solution, the metal is precipitated 
in the state of ^n oxide; but the precipitate is seldom quite free from 
alkali, and the metallic oxide, in a few instances, instead of appearing 
in a separate form, is dissolved by the alkali. When alkaline carbo^ 
nates are employed instead of pure alkalies, for the precipitation of 
metallic solutions, the oxide combines with carbonic acid, and appears 
in the state of a metallic carbonate. 

The compounds of ammonia with metallic oxides are of more import- 
ance than thos6 of the other alkalies, and have obtained the generic name 
of Ammoniujiets. They may be formed, either by acting on the ilve- 
tals with liquid ammonia, the water in which is decomposed, and fur- 
nishes a metallic oxide, which unites with the alkali; or tliey may be 
produced, by exposing the oxides to ammoniacal gas, at the tempera^ 
ture of the atmosphere. At least fifteen oxides, or rather hydrated 
oxides^ may be brought into combination with ammonia, viz. oxides of 
zinc; deutoxide of arsenic; both the oxides of copper; oxide of sil- 
ver; tritoxide and tetroxide of antimony; oxide of tellurium; prot* 
oxides of nickel, cobalt, and iron; peroxide of tin; deutoxide of mer- 
cury ; and deutoxides of gold and platinum. 

The ammoniurets are decomposed by a strong heat; the oxygen of 
the oxide uniting with tlie hydrogen of the alkali, and the azote of the 
latter being set Free. In some cases, as in that of ammontiiret of gol^, 
this decomposition is attended with a loud explosion. 

The oxiues, existing in metallic solutions, are decomposed by in- 
flammable substances. Light only is sufficient for the decomposition 
of some of them. Hydrogen ^as, charcoal, sulphur^ phosphorus, and 
the compounds of hyi^rogen with the last three bodies, when brought 
into contact with the solutions of perfect metals at common tempera^ 
tares, attract the oxygen from the metal, and occasion its appearance 
tin a metallic form. In this way, several bitautiful appearances may be 
produced, which will be described in treating of the individual me- 
tals. 

The oxides themselves are decomposed when exposed to a strong 
heat in contact witli hydrogen, charcoal, or phosphorus. The two 
first, or substances containing them, are chiefly employed for the de- 
composition of tiiose oxides, which occur as natural proi;|uctions. The 
oxide, mixed with a portion of inflammable matter, is exposed to an 
intense heat; and, in order to obtain the inctal in a coherent mass, 
and not in the small grains which would otherwise be formed, some 
substance is generally added^ which is capable of being melted, and or "^ 
allowing the metal to subside through it. Substances of this kind anf 
called ^^i^€s, and the process is termed the revival or reduction of « 
the metal. 

If only one oxide had existed of each metal, it would have been 
•asy, by applying the general principles of chemical nomenclature, ta 
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have distinguished them bj names sufficiently expressive of their com- 
position. But as the metals are susceptible of sieveral stages of oxidize- 
ment, it is difficult to find terms, which sufficiently express the chs^*- 
racteristic distinctions of the several oxides of the same metal. The 
existence of only two oxides would have greatly simplified their no- 
menclature; for, in this case, we might have applied the term oxide 
to the metal fully saturated with oxygen, and of oxiduU to the com- 
pound at an inferior state of oxidizement, as has been done by several 
of the French chemists. In the present state of the science^ however, 
tl\is nomenclature is inadmissible; and the specific name has becfn de- 
rived from some external character, chiefly from that of colour. Thus 
we* have the black and red oxides of iron; and the black and red oxides 
of mercury. In some instances, the denominations, which have been 
pnpposed by Dr. Thomson for the metallic oxides, may be advantage- 
ously adopted. When there are several oxides of the same metal 
(supposing that the proportions of oxygen and metal in each are de- 
inite) he has proposed the terms protoocide, deutoxide,tritoxidei&x:. 
signifying that the metal is in its first, second, or third, stage of oxi- 
dizement Or if two oxides only of any metal are known, he suggests 
the appellation of protoxide for that at the minimum, and o( peroxide 
for that at the maximum, of oxidation. 

A similar difficulty has been experienced, also, with respect to the 
neutral salts with metallic bases; for when diflferent oxides of the 
same metal combine with a ^ven acid, the resulting salts require txy 
be distinguished by appropriate names. This has sometimes been 
done by prefixing the word oxygenized (or for brevity oxy-) to the 
salt containing the most highly oxidized metal ; as the muriate and^ 
oxy-muriate of mercury. The latter term, however, is improper; 
because, in strictness, it can only be applied to the compounds of 
oxy-muriatic acid with different bases; whereas what was meant to be 
expressed is merely a compound of ordinary muriatic acid, with mer- 
cury in its highest state of oxidizement If the principle, assumed 
by Gay Lussac, should be confirmed by farther investigation (viz. 
that the acid in metallic $alts is proportional to the oxygen in the 
oxides,) it will be more easy to derive a specific name from the pro- 
portion of acid than from that of oxygen. Thus we shall have the 
muriate and submuriate of mercury. But till greater precision is 
acquired in our knowledge of this class of bodies, it may be well to 
continue to derive the specific name of the salt from some obvious 
quality; as the green and red sulphates of iron, the white and green 
muriates of copper^ &c. 
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The following Table exhibits, at one view, the fsompoaition of most 
of the metdlic oxides. 



Tahh shotping tke Proportions of Oxygen wUh which the Metals 

combine. 



Metals. 



Gold 



Platinum 



Palladiam 



Rhodium 



Iridium 



Silver 



Mercuiy 



Copper 



Iron 



Tin 



Lead 



Nickel 



Zjnc 



Bismuth 



Antimony 



Arsenic 



£obait 



No. of 
dxides. 



1 




1 

2 


1 


1 

2 
-3 


1 
2 


1 


1 
. 2 


1 

2 


1 


1 

2 


1 

2 
• 3 


1 

2 


1 


1 




1 

2 (acid) 

3 (acid) 


1 (acid) 

2 (acid) 



Colour of 
Oxides. 



Brownish black 



1 

2 



Black 



■4^ 



Blue 
Red 



Olive 



Black 
Red 



Red 
Black 



Black 
Red 



Grey 
Wlute 



Yellow 
Red 
Puce 



Ash grey 
Black 



White 



Yellow 



Dull white 

Snow white 

Yellow 



White 
Ditto 



Blue 
Black 



Vol. II.— F 



100 of 

Metal take 

Oxygen. 



10.01 



8.287^ 
16.38 5 



14^09 



6.71 

13.42 
20.13 



•;:i 



7.923 



4 
8 



12,5 
25 



'■} 



29 i; 

44.25 



« 13.5 
2T, 



I 



7.70 
11.08 
15.60 



27. 
unknown 



24.41 



11.28 



Authority. 



Oberkampf. 



Berzelius. 



Ditto. 



Ditto. 



Tennant. 



Berzelius. 



Thenard. 



Proust and 
Berzelius. 



Berzelius. 



Gay JLussac. 



•f^ 



Berzelius 



Tvf^puti. 
Thenard. 



18.60 

27 

37 



.60 ■> 

.90 C 
.20 3 



34.93 
52.4 



} 



19.8 
33 



.8 I 
.25 5 



Gay Lussac. 
L^^erhielm. 



Berzelius. 



Dr. Thomson. 



Proust. 



\ 
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Metals. 



Manganese ' 



*^— i^i 



M(^ybdena 



No. of 
Oxides. 



1 

2 

r» 
O 

4 



Colour of 
Oxides. 



Green 

. . 

Black 



Tellurium 



1 

2 (acid) 



Tungsten 



Uranium 



Titanium 



Tantalum 



Ccsrium 



Blue 
White 



100 of 
Metal take 
Oxygen. 



14.05 
28.10 
42 
56 



.10 *) 
.16 C 

.21 3 



Yellowish 



1 

2 (acid) 



1 

2 



1 

2 
3 



Black 
Yellow 



34. 
50 



: } 



20.5 



j^uthority* 



Dr. John. 
BerzefiuSi 



Bucholz. 



^ 25. 5 



Blaj^li^ 
Yellow 



Blue 

Red 

White 



White 



White 
Fawn 



25.' 5 



Klaproth-. 



Budiolz. 



Ditto. 



Vauquelih. 



ir.4i i 

26.115 S 



Hianger. 



Many of the metallic oxid«s have an attraction for water, whick 
they manifest by being soluble An it, or by reducing it lo a solid, or 
^latinous form. The soluble oxides are potash, soaa, barytes, stron- 
tites, and lime; the deutoxide of arsenic, and tibe oxid0 of osmium. 
There are a few odiers, which are soluble in a very sroaQ degree, no 
exceeding one-thousandth 4)f the weight of the water, viau oxide of 
molybdena, deutoxide of mercury, tritoxide and tetroxide of antimony* 
' The compounds of oxides and water, in which the latter exists in a 
condensed state, are termed hydrates, or hydro-oxides, or hydrox- 
TREs. The hydrates of potash, soda, and barytes retain the water 
which constitutes them such, at the temperature of ignition, and it can 
only, indtp^d, be expelled by bodies that have a stronger affimty for 
the alkali or earth. The liydrates of the remaining earths are decom- 
posed ^y the heat of ignition. The hydrated oxides of the common 
metals are obtained, by adding a solution of pure potash, soda, or am- 
monia, to >l:^e solution of the oxide in sulphuric, muriatic, or nitric 
acid. The f>%cipitate, washed repeatedly with water, is to be col- 
lected on a filtei^i and,;if dried, the heat employed must be as gentle 
as possible; for a ^ight elevalion of temperature is sufficient to ex- 
p4 the whole water, and to leave only an oxide. 

The hydrated oxides are, for the most part, much mare soluble in 
acids than the oxides. According to Berzelius, they are definite 
compounds, m such proportions, that the oxygen of the wftter is equal 
in weight to that of the oxide. This principle r^ttires> howcvw, to 
be established by » greater number of facts. 
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I 

Besides ilie important class of compounds* which result from the 
anion of metals with oxrgen, the metals are ca|>able, also, of entering 
into combination with hydrogen, sulphur, chlowie, jphosphorus, and 
charcoal. They affi>rd, also, by uniting with each' other, tn interest- 
ing class of compounds called metaUic alloys* 

I. The coHPouNnft crc metals wrrn htdrogen are ii/either nnme<« 
rous nqr of much importance. When water is decomposed by cer- 
tain metals, at the same time that the oxygen combines with one por- 
tion, the hydro^n, which is disengaged m the state.of^gas, takes up 
II minute quantity of metal. This is the case, in a small .degree, wiui 
iron; still more with zinc; and most remarkably with potassium, ar- 
senic, tellurium, and selenium, all of which afford compounds, having 
several remarkable properties. 

II. Ths combinations op metallic bodies with SULP3UB. have 
been divided by Vauquelin* into three classes, vix, 1st, the com- 
pounds of metals with sulphur, which alone are with propriety called 
siUpkureU; Sdly, the compounds of sulphur with metallic oxides, 
termed stUphwretted oxides; and Sdly, those of sulphuretted hydro- 
gen with metallic oxides, which may be called hydro-sulpburetted 
oxides* 

1. All the metals, with the ^ception of gold, zinc, and tin, are, in 
their metallic state, susceptible of comUnation witii sulphur. In order 
to effect their union, it is sufficient that one of the boaies be brought 
into a fluid state; and as sulphur is readily fusible, a very moderate 
heat only is re<}uired for the purpose. Thus a mixture of 45 parts 
of iron filings with 15 of sulphur, or of 40 parts of copper filings with 
15 of sulphur, when heated in a ^ass tube, combines, tne moment the 
' fusion of the sulphur is accomplished. The phenomena are very re- 
markable, consisting in a sudden and bright glow, like that 6i intense 
ignition. During combination, however dry the materials may have 
heen, it appears from the experiments of Mr. Ciayfieldt that a quan- 
tity of elastic fluid is liberated, amounting to nine or ten times the 
bulk of the mixture, and consisting of sulphuretted hydrogen and sul- 
phurous acid. The former, probably, arises from tne sulphur, and 
the latter from the metallic filings, which may have been partially 
oxidized by the process of washing and drying. 

In these compounds, the properties of the metals cease to be appa- 
rent; for the sulphurets are brittle; *haye colours different from those 
of the metals; and, when artificially formed, are destitute of lustre. 
The quantity of sulphur, with which different metals are capable of 
uniting, varies with each metal. The same metal, also, in some in- 
stances, is susceptible of combination with different quantities of sul- 
phur, and of affording compounds, characterized by a distinct train 
of properties. Thus the compound of 100 parts of iron with 58 j of sul- 
phur is brittle and of a dark grey colour; has little or no lustre ; and 
IS attracted by the magnet But 100 parts of iron with 117 of sulr 
phur form a yellow compact; compound; of sufficient hardness to 

^ Annales de Chimie, xxxvii. 57/ ^ 

t Note to Mr. Davy's paper qti alkalies. (Philosophical Transaction^ 1808.) 
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strike fire wiih steel; and having so much lustre, as to have been 
often mistaken by the ignorant for gold. When different sulphoreis 
of the same metal ei^st, the sulphur, in those which contain the larger 
proporti(Hk,'''is an exact silnple multiple of the sulphur in those which, 
contiun the less. ^ ~ 

The following Table exhibits the composit«>ii.i>f several of the me- 
tallic sulphurets. 

100 Paris of Unite with Sulphur. Authority. 
K ^ ; ^ ^ ; ^ ^-^ 

Gold £4.39 ...... Berzelins. 

Platinum Ist ... 8.287 Ditto. 

~ 2d ... 16.38 Ditto. 

Palladium . . • • 14.209 Ditto. 

Silver 14.9 Ditto. 

Coppe*- 25.6 Ditto. 

Iron Ist 58.75 Ditto. 

2d 117. Ditto. 

Tin 1st 27.234 Dr. John Davy.- 

2d ..... 54.5 Ditto. 

Lead 15.92 Berzelius. 

Nickel 1st ... . 51.5 E. Davy. 

2d .... 77. ...... Ditto. 

Zinc 48.84 * Dr. Thomson. 

Bismuth 22.52 Lagerhielm. 

Antimony .... 37.25 ...... Berzelius. 

Arsenic 1st ... • 33.3 

^ 2d .... 75 

Cobalt 39.8 Proust 

Molybdenum ... 67. 

Metallic sulphurets can only be partially decomposed by heat: and 
thoush this assertion appears to be contradicted by the effect of roast- 
ing raese compounds; yet it is to be considered that the metals, when 
heated with the contact of air, absorb oxygen, and thus lose their affi- 
nity for sulphur. The sulphuret of one metal may, in many instances. 
be decomposed by another metaL Thus when sulphuret of mercury 
is distilled with a proper.proportion of iron filings, the sulphur passes 
to the iron, and the mercury comes over in a metallic state. 

Concentrated sulphuric acid* with the assistance of h^t, acts upon 
metallic sulphurets, and is converted into sulphurous acid, which, 
beinff volatile, escape's. Metals which, in their separate state, were 
dissolved by dilute sulphuric acid, continue sensible to its action, after 
being combmed with sulphur. When dilute sulphuric acid, however, 
acts on such compounds, instead of hydrogen gas simply, we obtain 
sulphuretted hydrogen. It is chiefly the compounds with the mini- 
mum of sulphur, that produce this etfect; for the super-svlphurets^ or 
those containing a farther proportion of sulphur, resist the action of 
this solvent 

* BerthoUet, AnnaJes de Chimie, xxv. ^56. 
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Concentrated' mnriattc acid has no eifect on sulphurets ; but the dw 
luted acid acts like the diluted sulphuric. Nitric acid is decomposed 
by the metallic sulphurets; nitrous sas is disengaged; and sulphur 
is precipitated.* In this case, though all nitric acid contains water> 
yet sulphuretted hydrogen is not formed, because the acid yields its 
oxygen more easily than water. ' ^ 

Sulphurets, composed of metals/ which powerfully attract oxygen, 
and the oxides of which liave moreover ah affinity for sulphuric acid, 
absorb oxygen from the atmosphere, and pass to the state of sulphates^ • 
In this way most of the sulphate of iron is formed, which occurs in 
commerce. Bat if the metal has either a stron]^ affinity for sulphur, 
ol* a W0ak one for oxygen, th^n the conversion mto a sulphate does 
not happen, as in the sulphurets of copper, antimony,>and mercury.t 
llie sttlphuret of iron containing a full proportion of sulphur resists, 
also, the conjoined action of air and moisture. 

2. In general, the metals have a stron^r affinity than their oxides 
for sulphur. But there are a few cases, in which certain metals are 
incapable of combining with sulphur, till they are brought into the 
state of oxides. These are chieny zinc, mercury, and manganese, the 
compounds of which with sulphur may be called sulphuretted oxides.^ 

Other metals, also, are capable of affording similar compounds; but 
in general their affinity for sulphur diminishes, in proportion to the 
quantity of oxygen which they hold in combination. 

These compounds act on acids, somewhat differently from the mere 
sulphurets. If the metal be only oxidized at its minimum, they yield 
sulphuretted hydrogen with diluted muriatic and sulphuric acids, and 
nitrous gas with nitric acid. But in their perfectly oxidized state, 
they dissolve without effervescence, and the sulphur remains unal- 
tered. 

3. Sulphuretted hydrogeA enters into combination with a few of 
the metals, with mercury and silver for sample; but it unites, in ge- 
neral, more readily and permanently with their oxides. From such 
compounds, the sulphuretted hjrdrogen is detached in a gaseous state 
by some concentrated acids, which seize the metallic oxide. Most of 
the sulphuretted oxides, also, undergo, in process of time, spontaneous 
decomposition, inconsequence of the union of the hydrogen and oxy* 
gen which they contain, and which, by combination, form water. Wh^n 
this happens, the oxide is partly reduced, and the sulphur unites With 
the deoxidized metal Hence the same sulphuretted oxide varies in 
composition, according to the period which has elapsed since its pre* 
paralion. 

When we precipitate a metallic solution by sulphuretted hydrogen 
alone, or by its compounds with alkalies, we obtain either a metallic 
Sttlphuret or a hydro^uIphi#et In the first case, the hydrogen of the 
sulphuretted hyarc^en takes ^ the oxygen of the oxide; and the sul- 

* Vauquetin, loc. cit. 65. f Berthollet, loc. cit 256, 

i Vauquetin asserts, however, (Ann. de Chim., et Phys. v. 6,) that the 
oxides or manganese and iron are decomposed by sulphur, and that tnie me- 
tallic sulphurets are formed. 



phttr forms a toie sttlphiiret with the reduced metal. Bi the second 
case* the sulphuretted hydrogen unites directly with the oidde, with- 
out decomposing it, and its proportion is sucn thai the hydro^n is 
sufficient to saturate all the oxygen of the oxide. The quantily of 
hydrogen, then, which is destroyi», or may be destroyed, depends on 
the state of oxidizement of the metal, and so also does the quantity 
of sulphur. Now if metals, as appears probable, are susceptible of 
oxidation in onlj a fev^ determinate degrees, it follows that by pre* 
. cipitatioQS of this kind, we may obtain metallic sulphurets with fixeil 
proportions, which maybe easily calculated from the known quantity 
of oxygen in the oxide, and the known composition of sulphuretted 
Wdrogen.^ Thus the law of fixed proportions will be extended io 
the compounds of metals with sulphur; and another step will be made, 
towards establishing the important general principle in chemical phi« 
losophy, which has been so ably illustrateay in other cases, by Mr. 
Dalton. 

4. Hydroguretted sulphurets of metals and their oxides may be ob- 
tained by precipitatii^ metallic solutions with the hydroguretted sul<^ 
phurets of alkalies* In sulphuretted oxides, it has been observed by 
Berzelius,t the oxygen of the oxide is to the hydrogen of the sulphu- 
retted hydrogen, precisely in the proportion necessary to constitute ' 
water. The oxides of au metals, he adds, which haye for oxygen a 
sreater affinity than hydrogen has, may unite with sulphurett^ hy- 
drogen. In the compounds, thus produced, the metal, sulphur, hydro- 
gen, and oxygen exjistin such profiortions, that the oxygen is precisely 
sufficient te change the sulphur into acid, the metal into protoxide, 
and the h]rdr(^n into water. But if the affinity of the metal for 
oxygen be inferior to that of hydrogen, the oxide is then reduced, and 
water and a sulphuret are generated. Thus the alkalies, the earths, 
and protoxides of zinc and manganese, afford, Mrith sulphuretted hy- 
drogen, saline combinations; but the oxides of lead and copper are. 
decomposed by it / 

It had been generally supposed that metals, which have a great affi* 
9ity for oxygen, and which decompose water (as manganese, iron, 
zinc, uranium, nickel, cobalt, &c.) are not precipitated from their so- 
lutions, b^ sulphuretted hydrogen, except with the concurrence of 
double affinities. Gay Lussac, however, has showr4 that the com- 
pounds of these metals with the weaker acids (as the acetic, tartaric, 
and oxalic) ar^ decomposed by sulphuretted hydrogen, and produce 
hydrosulphurets of the respective metals. Wlien a still weaiker soU 
vent of the metal is employed, the decomposition is more easily elTect- 
ed. Thus the ani^ioniurets of iron, nickel, &c. are entirely decom- 
posed by that gas; and this furnishes an excellent process for obtain- 
ing pure hydrosulphurets; for the alkalin#hydrosulphurets,commohly 
employed for this purpose, are almost alwajs contaminated with suL 
phur. Those metals, which are not precipitable by sulj^huretted hy- 
drogen, became so, when acetate of potash is addeoto their solutions. 

* Gay Luasac, Mimoires d'Arcueil, ii. 175. 
t '^^ Ann. de Chim. 129. 
i 80 Ann. de Chinv 205. 



IIL All th€ metals are sttsoeptiUeof coiiibiiiation ^9^ cmjomsm 
or oxYMuaiATic ACID. When exposed to the gas in a state of minate 
division* produced either by filing or beating them into leaves, Ihey 
combine with it, for, the most part, with the a(^arance of combustion. 
But silver, lead, nickel, cobalt, Bfki gold, unite with chlorine, witbont 
^the extrication of heat and li^t 

The results of these combmations are differently explained in die 
old and the new theorj. According to the former, the metal attracts 
oxj^n from oxjmuriatic acid gas; and the oxide unites with the mu<' 
riatic acid. Accordio^ to the new theory, the metal unites directly^ 
with chlorine; and the combustion is produced not by oxidation, but 
merely by the intensity of chemical action. Consistently witii the 
former view, the products of the combustion should be called-mu' 
ri&tes. Conformably with the latter, we n^ay either, witii Sir H. Davy, 
designate them by terminating the Latin name i^ the metal in ane or 
anea; or (which t should prefer) we may give them the appellation, 
chloride&; or, as Gay Lussac hiw proposed, that of ehlorures or cMo- 
rurets. 

Fnmi the greater number of metallic oxides,' chlorine expels the 
whole pf the oxygen and takes its place; and when muriatic acid ^ 
is made to act upon them water i»pears, and c«s»pounds are obtain^* 
ed resembling those formed by tne direet umon of the metals witb 
cUorine. 

Chlorine combines with the metals in different proportions, which 
are expressed in the following Table of the result of experiments^ 
carefully made by Dr. John Davy. 

Decl*. OeeL 

Metals. Grams. Pts. Grains. Pts. 

Copper 60 + 32.77 . . Chlorine = Cuprahe. 

67 + 67.2Q . . Ditto = Cupranea. 

T^n ....... 55 + 33.40 . . Ditto = Stannane. 

+ 67.00 , . Ditto =» Stannanea. 

Iron ....... 29.5 + 33.60 . .Ditto = Ferrane. 

+ 55.50 * . Ditto = Ferranea, 

Manganese . . • S8.4 + 33.60 . . Ditto =^ Manganesane. 

t.ead 97.2 + 33.80 . . Ditto = Plumbane. ' 

Zinc 34.5 + 3440 . . Ditto == Zincane. 

Arsenic 21.9 + 33.6 . . Ditto =* Arsenicane. 

Antimony . . . 42.5 + 34.60 . . Ditto ^ Antimonane. 

Bismuth .... 67.5 + 34.20 . . Ditto =^ Bismuthane. 

IV. Iodine, when heated with the metals, combines with all of 
ihem, and forms a class of compounds called, by Sir H. Davy, iojdes, 
and by Gay Lussac, iodures or iodurets. Supposing iodine in its 
general habitudes most to resemble sulphur, ttien the latter term is 
tile most appropriate. But if iodine, as seems probable, has a closer 
analogy witn chlorine, its compbunds with metals and other combus- 
tible bodies, should be called iodides. Th^ are all insoluble, and 
when placed in contact vriAi water deccAnpose it; hydriodfo acid and 
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an oxide of tiie metal are formed; and these la§t| uniting t(^ther» 
Compose a hjdriodate. 

y^ Several metals have an affinity for phoapkomd, and form a class 
of compounds called metallic fhosphurets. The best method of 
effecting this combination is to expose the metals to heat, in contact 
with phosphoric acid and charcoal. The charcoal deprives the pho8*> 
fihoriis of oxygen; and the de-oxygenized phosphorus unites with 
the metal. Metals, however, that have a strong affinity for oxygen, 
decompose the phosphoric acid, and unite with its base, without theT 
intervention' of charcoal. The metallic phosphurets have not hitherto 
b^en applied to any useful purpose; and it is sufficient, therefore, to 
refer to the description of th^m by Pelletier, in the first and thirteenth 
volumes of the Afinales de Chimien 

YI. The compounds of metals with carbon are called carburets. 
That of iron and carbon, the properties of which vary according to 
the proportion of the two ingredients, is the only one of importance.. 
It will be described in its proper place. 

VIL The metals are, for the most part, capable of uniting with each 
other. For this purpose, they require to be brought into a state of 
fusion ; and, even when meltedf, considerable care is necessary to form 
a permanent compound. If one metal is considerably heavier than 
the othec, it is apt to sink to the bottom of Hie fluid mass. Nothing 
can show this in. a more striking manner, than a fact which has been 
stated by Mr. Hatchett He found that when gold, which has been 
melted with a proportion of copper or other metals, is cast into barg^ 
the moulds for which are placed vertically, the lower part of the bar 
contains more gold in proportion than the upper part 

There are a few of the metals that do not unite by being fused to- 
gether. This is the case with lead and iron; but even in such cases . 
we are scarcely, perhaps, entitled to deny all affinity; for some of the 
metals, which were formerly thought incapable of combination, have ' 
been made to combine by circuitous processes* This is the fact with 
respect to iron and mercury.* 

In the new nomenclature, the word alloy is retained as a general 
term for all combinations of metals with each other; and the specific 
name is-derived from that of the metal, which prevails in the com- 
pound. Thus in the aU&y of gold with silver, the gold is to be un- 
derstood as being in greatest proportion; in the alloy of silver with 
goldj the silver is the principal ingredient. The compounds of mer- 
cury with other metals, at a very early period of chemistry, were 
called amalgams, and as the name does not lead to, any erroneous 
notions, it ma;^ still be retained to denote this sort of alloys. ^ 

The metals in general are capable of uniting with each other in un- 
limited proportions; but in a few instances, it appears probable, 
though it is not absolutely proved, that tliey, unite in certain propor- 
tions only. 

This proposition has been ably maintained bjBerzelius, as well as 
bj Ilalton. Potassium, the former observes, gives with mercury two 

* Aikin, in Philosophical Bfagazine. 
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crystallized compounds, one of which contains twice as much potas- 
sium as the other. The arbor DiatUB is a definite compound of silver 
and mercurj. When zinc and copper are distilled together, a certain 
quantity of zinc comes over, but the rest cannot be raised bj heat;*. 
From a fused mixture of antimony, iron, and copper with much tin, 
metallic crystals separate on cooling, containing fixed proportions of 
the component metals. Whenever, indeed, the new compound has 
an oppcrtunity of separating from the fused mass, it appears to be 
formed in established proportions. 

By combination, the metals undergo a considerable change of pro- 
perties, and acquire new ones, not observable in the separate me* 
tats. 

1. The specific gravity of an alloy is seldom the mean of those of 
its component parts. Thus an alloy of silver with copper or tin, or 
one of silver or gold tvtth lead, has a greater than the mean specific 
gravity. All alley, also, of silver wim mercury, though the lormer 
metal is specifically lighter than the latter, possesses so much ac- 
quired density as to sink in quicksilver. In other cases, on the con- 
trary, the specific gravity of the compound falls short of the mean of 
&at of its components, or there appears to be a degree of dilatation, 
as in the alloys of gold with copper, iron, or tin. To estimate ex- 
actly, however, either the increase or diminution of density, requires 
an attention to several circumstances** 

2. The ductility and malleability of metals is generally changed by 
combination; and, for the most part, these qualities are impaired. 
Even two metals, which separately are both malleable and auctile, 
are rendered brittle by combination. This is very remarkably the 
case with an alloy of gold and lejid, the latter of which, even in the 
trivial proportion of hiuf a grain to an ounce of gold, renders the alloy 
quite destitute of tenacity; and an alloy of platinum, copper, and 
zinc, though eminently ductile and malleable, is rendered brittle by a 

Quantity of iron not exceeding half a grain in four ounces of the alloy.t 
Q such cases, it has been supposed that a true chemical union does 
not take place, and tliat the newly added metal is merely mechani- 
cally interposed between the particles of the other, the cohesion of 
which it tlms impairs. This explanation, however, can scarcely be 
admitted as satisfactory; and, among other arguments in ()roof of the 
existence of chemicai'Union, it may be remarked, that gold is ren- 
dered brittle by being kept in fusion in the vicinity of melted tin, the 
vapour of which it seems capable of attracting. 

3 The hardness of metals is varied by con^bination. Gold, by com- 
bination with a small quantity of copper, and silver by a minute pro- 
portion of the same metal, acquire such an increase of hardness that 
these additions are always made to gold or silver which is to be ex- 
posed to wear. By a small addition of gold, iron is said to gain so 
much hardness, as to be even superior to steel for the fabrication of 
catting instruments. t 

• See Aikin's Dictionary, article Alloy, 
t Journ, of Science, iii, 119. 

Vol. IL-^G 
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4 Change of colour is a coiao^on eflfeet of the iDomUnatioQ of me- 
tal9f Arsenic, for example, which resembles steel, and copper which 
has a red colour, afford a compound which has nearly th,e whitenesa 

^silver. ' 

^. The fusibility of compound metals is different from what might 
have been inferred from that of their components^. Platinum, for ex« 
ample, is rendered easily fusible by arsenic, and a compound of lead» 
tin, and bismuth melts at a temperature below tliat of boiling water, 
though the most fusible of the tliree (bismutli) requires for fusion a 
mqch higher degree of heat. This is the principle of solders, 

6. Metals have their volatility increased by being combined witli 
other metals, which are more volatile than themselves. Gold, sepa* 
vately* requires an intense heat for its volatilization ; but when an amaU 
gan]t of gold witli mercury is distilled, a quantity of gold passes over 
with the quicksilver, 

7. By cnemical union witli each other, the metals have their ten- 
dency to comlnne with oxygen considerably increased, partly in con- 
sequence of the diminution of their cohesion, but partly, also, perhaps, 
inconsequence of their forming a galvanic combination. Lead, when 
amalgamated with 'mercury, is oxidized by merely shaking the com- 
pound with water. Lead and tin, melted together, acquire such an 
increase of affinity for oxygen, that, at ihe moment of combination, 

' they actually inflame. By the oxidation of either ingredient in anj 
of niese alloys, the compound is destroyed. The oxide of lead, for 
example, separates from mercury in the form of a black' powder. 
Hence, also, a pellicle of oxide is generally observed on the surface 
of melted solders, which is renewed as soon as it is removed. 

8. The solubility of metals in acids is modified by their combination 
with each other. When gold is alloyea with a small proportion of silver, 
the latter metal is protected from the action of the nitric acid, and in 
order to render it soluble in that acid, it is necessary to raise its pro- 
portbn to one-fourth the weight of the alloy, which constitutes the 
process o{ quartation. In a similar manner, in order to render tin 
capable of being entirely dissolved out of an alloy, of that metal with 
antimony, it is necessary that it should constitute £0 parts out of £1 
of the alloy; in 'which case the tin is wholly dissolved by boiling with 
muriatic add, and the antimony is left untouched."^ 

From a compariso!i of the resemblances amtolhg metals, both as to 
physical and cnemical properties, several arrangements of them have 
been formed into smaller classes. Besides the subdivisions, which have 
been already mentioned, into noble and base metals, and into entire 
metals and semi-metals, other classifications have been contrived. 
Fourcroy has proposed to divide them into five orders. 1. The brit- 
tle and otidijiaMe include four species, viz. arsenic, tungsten, mclyb- 
dena, and chrome. 2. The brittle and simply oxidizable are seven 
(piokel having been transferred by Richter to a different class), viz. 
titanium, uranium, cobalt, manganese,^ bismuth, antimony, and telluri- 
um. 3. The metals, that are oxidizable and ifmperfeeUy ductile^ are 

* Chaudet, Ann. de Chim. et Phya. iil 382. 
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mercury and zinc 4. The dticHle and easily oxidixabk are.tin, l«ad, 
iraoy and copper. S» The tnry ductile am difficult of oxidipfement 
are silver^ gold, pailadtum, and platinum. 

A better arrangement, however, appears to me to be that which hi^ 
been proposed bj Dr. Thomson, in the third edition of his System of 
Cheratttry.* He divides the metals into four classes. The FiRSt 
CLASS comprehends, the malleable mdals^ which are fourteen in num- 
ber, iH»» gold, platinum; silver, mercury, palladium, rhodium, iridium, 
osmium, copper, iron, nickel, tin, lead, and zinc. The second class 
inchides the' brittle and easily fused, viz. bismuth, antimony, tdltu- 
rium, selenium, and arsenic. The third glass, metals that are brO- 
tie and diffi^idtly fUsed* Those are cobalt, man^nese, chrome^ molyb- 
dena, uranium, and tungsten. The fourth class are called refrac- 
tory metcds; because they have never yet been exhibited in a per- 
fectly metallic form, but always in combination with more or less 
oxygen. These are titanium, columbium', and cerium.t In this order, 
I shallmilfir proceed to describe the individual metats. 



FIRST CLASS. 

malleable metals. 



SECTION I. 

Gold. 

To obtain gold in a state of purity, one part by weight may be dis- 
solved in three of nitro-muriatic acid (composed of one part by weight 
nitric, and two muriatic acids). To the clear liquid, a solution of 
green sulphate of iron must be added. The gold will be precipitated 
in the state of a fine powder, and, after bemg washed nrst with di- 
luted muriatic acid, and then with distilled water, may be either pre* 
served for solution in powder, or fused into a, mass. 

• I prefer this arrangement to the one adopted by the same author in the 
fifth edition of his valuable work* because in the latter, bodies are removed 
^m the class of metals, which are closely allied to them in their external as 
well as in their chemical ch^acters. Thus arsenic^ tellurium, and osmium, aite 
placed, along with hydrogen, carbon, &c. among acidifiable bodies. Berzelius 
tas divided the metals mto two classes; those that are capable of forming 
acids, and those that act as bases. This classification, however, is Kabte to the 
objeetiim, that telkiriom when'o:d«fi2ed (and probably selenium) serves both 
as an acid aad as a base. On the wh<^, it appears to me, that what may be 
called a natural arrangement of the metals is, in the present state of our know- 
ledge, preferable to one founded on their chemical resemblances. 

t Tantalum has lately been shown by Dr. Wollaston to be identical with 
coiuiidniu&. 
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I. The external qualities of gold are thetoilowinff: 

1. It has an orange or reddish yellow colour; and may be brought 
to assume a degree of lustre inferior oaly to that of steel, platinum, 
silver, and mercury. 

2. Its specific gravity varies a little according to the mechanical 
processes which it has undergone; but it may be stated, on the ave- 
rage^ at 19.3. 

3. It exceeds all other metals in ductility and malleability, and may 
be beaten into leaves l-280000th of an incn in thickness. 

4. It is considerably tenacious; for a wire only 78-lOODths of an 
inch diameter will sustain a wci^it of 150 lb. 

' II. Gold may be melted by a moderate red-heat; viz. at about 32® 
of Wedgwood's pyrometer. The intense heat of a glass-house fur- 
nace has no other effect than to keep it in fusion. And even expo- 
sure to Mr. Parker's powerful burning lens, for several hours, occa- 
sioned no loss of weight After fusion, it crystallizes in short quad- 
rilateral pyramids. ' # • 

III. Pure gold is not oxydized by exposure to heat with the access 
of air; but it maybe brouglit to the state of a ptirple oxide by trans- 
mitting, through gold leaf or wire, either a powerful electrical or gal- 
vanic discharge. 

IV. Sulphuric, nitric, and muriatic acids have separately no evident 
action on gold ; but the last mentioned acid, Proust has observed, by 
long boiling with finely divided gokl, dissolves a small portion. 

V. The proper solvents of gold are the oxy-muriatic and nitroc 
muriatic acids. Oberkampf ^ prefers the former, because a purer solu- 
tion is obtained, and one which can more easily be had free from an 
excess of acid. Gold leaf, introduced into chlorine gas, takes fire 
and bums. But if gold leaf be suspended in water, into which chlo- 
rine gas is passed, it is'dissolved> and the solution may be concen- 
trated by evaporation. 

To dissolve gold ' in' nitro4nuriatic acid, Vauquelint reverses the 
usual proportions, and mixes two parts by weight of muriatic acid 
with one of njtric. Three parts of an aqua regia so composed, are 
equivalent, he finds, to four made with the common proportions. 

The solution of gold (in whatever way prepared) has an orange- 
yellow colour: but 3ns, Oberkampf asserts, is owing to an excess of 
acid, and it passes to a brownish-red, as soon as the redundant acid 
is neutralized or expelled by heat The solution should, therefore, 
be evaporated to dryness, and the <lry mass (care being taken not to 
heat it too sJ;rongl^) re-dissolved in water. The solution gives a pur- 
ple stain to the skm, and is susceptible of crystallization. 

Muriate of gold, prepared by the solution of the metal either in 
oxy-muriatic or nitro-muriatic acid, is decomposed by solutions of 
fixed alkalies, and yields a precipitate, which differs greatly in colour, 
accoi*ding to the circumstances of the experiment. If it bas a yellow 
colour and a styptic taste^ it is a sub-muriate. To avoid this, it is 
necessary to use a considerable excess of alkali, and then the preci- 

• 80 Ann. de Chim, 140. . f 77 Ann. de Chim. 322. 
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i pitate is of a brownish-black colour* It is this which Oberkampf con- 
' siders as the true oxide of gold. It should be dried with extreme 
care, for too much heat drives off a part of its oxygen. The precipi- 
tation of gold from its^solution bj alkalies appears, however, to re* 
quire fariier explanation.* 
I YI. This oxide is decomposed entirely by heat, without passing 

through any inferior sta^e of oxidation; oxygen gas comes over; and 
pure gold remains. The mean of three experiments of Oberkampf 
shows, that 100 parts of gold combine with 10.01 oxygen; but Ber* 
zeKus states the oxygen at 11.98£. It is probable that tliis compound 
is the feroxide of gold, and that there is also a protoxide^ with half 
^s'moch oxygen as the former; but its existence has not yet been de- 
monstrated, and at present we are acquainted wiUi only one oxide of 
this metalt If no otlier can be proved to exist, the atom of gold must 
be estimated to weigh 75, for as 10 to 100, so is 7.5 to 75. 

VII.' It is necessary to observe, tliat the entire decomposition of 
muriate of gold is not affected by the alkalies, and tiiat the liquor 
holds in;somion a triple salt of gold, alkali, and muriatic acid. 

VIII. A solution of pure ammonia separates from the solution by 
nitro-rauriatic acid an oxide of gold, and •; portion of ammonia, uniting 
with the oxide, forms a compound which detonates very loudly in a 
gentle heat, and is termed fulminating gold. 

To obtain this compound, add a solution of ammonia in water, or 
the pure liquid ammonia, to diluted muriate of gold; a precipitate 
will appear, which, will be re-dissolved if too much alkaU be used. 
Let the liquor be filtered, and wash the sediment, which remains on 
the filter, with several portions of warm water. Dry it by exposure 
to the air, without any artificial heat, and preserve it in a bottle, 
closed, not with a glass stopper, but merely by a cork. A small por- 
tion of this 4)owder, less than a grain in weight, being placed on the 
point of % Knife, and held over a lamp, detonates violently. The 
precise temperature which is required is not known, but it appears 
to. exceed 050° Fahrenheit* At the moment of explosion, a transient 
flash is observed. The principal force is exerted downwards; and 
hence two or three grains, exploded on a pretty strong sheet of- cop- 
per, will force a hole through it Neither electricity nor a spark 
from tlie flint and steel are sufficient to occasion its detonation; but 
the slightest friction es^lodes it, and serious accidents have happened 
from this cause. 

This detonation is explained as follows: Fulminating gold -is an 
oxide of that Vnetal, combined with ammonia. When its temperature 
is raised, the ammonia is decomposed ; the hydrogen of the alkali 
unites with the oxygen of the oxiae, and redi^ces tlie gold to a me- 
tallic state; and nitrogen gas^ and probably aqueous vapour, are libe- 
rated in a highly expanded state. The violent impulse of these 
aeriform products, ,on the surrounding atmosphere, appears to be the 
cause of the loud noise that is occasioned by the explosion of this 
compound. A similar explanation may4>e applied- to other fulmi- 

* See Thomson's Annals, ix. ?9. 
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nating compoands of metallic oudes with ammonia; such as those of 
silver and mercury, which will be described hereafter. 

iTxed alkalies throvf down, from nitro-muriate of gold, the yellow 
oxide already alluded to. 

IX. The solution of gold is also depmposed by certain combustible 
bodies, which attract Sie oxygen from the gold^ and restore it to a 
metallic state. ^ 

(a) Into a dilute solution of muriate of gold, contained in a glass 
jar, put a long narrow slip of charcoal, and expose the. whole to th© 
direct light of the sun. The gold will be revived, and will appear oa 
ihe charcoal in a metallic state, exhibiting a very beautiful appear*- 
-ance. The same* change ensues without light, if the solution be ex- 
posed to a temperature of £12^ 

(b) Moisten apiece of white taflfeta riband, witli the dilute solution 
of gold, and expose it to a current of hydrogen gas from iron filings, 
and dilute sulpnuric acid. The gold will be reduced, and the riband 
will be gilt with the metal. By means of a camel's hair pencil, the 
gold may also be so applied as to exhibit i*egular figures, whea reduced. 

(c) The, same experiment may be repeated, substituting phbspha* 
retted* hydrogen for common hydrogen ^. The reader, who wished 
for a detail of various experiments of a similar kind, may consult an 
Essay on Combustion, by Mrs. Fulhame, published by Johnson, Lon- 
don, ir94; and also Count Rumford's paper, in tlie Philosophical 
Transactions, 1^98, pr.ge 449. 

X. Gold is precipitated from muriatic acid, in a metallic forin, by 
a solution of green sulphate of iron. This depends on the acffinity of 
the protoxide of iron for a farther quantity of oxygen, which it takes 
from the oxide of gold. 

XL When a sheet of pure tin is immersed in a solution of nitro- 
muriate of gold, the oxicle of gold is precipitated of a purple colour; 
and, when scraped off and collected, forms the purple pouiterof Cas^ 
siiis, much employed in enamelling. Or the metallic salt, largely di- 
luted with water, may be put into a glass vessel with a few pieces of 
grain tin. In a short time, the liquor will become of the colour of 
red wine, and a very light flocculent precipitate will begin to precipi- 
tate, leaving the liquor clear. This, when well washed and dried, has 
a deep purple colour, and is the precipitate of Cassius. The same 
precipitate is obtained by mixing a solution of gold with a recently 
made solution of tin in muriatic acid. 

The composition and colour of the precipitates of gold, thrown 
down by muriate of tin at the minimum, have been shown, by Ober- 
kampf, to be very variable. The colour approaches more to a violet, 
as the salt of tin bears a larger proportion to that of gold ; and the co- 
lour, commnnicated by the precipitate to porcelain, has the same varia- 
<y ble character. When, the muriate of gold is in excess, the precipitate 
has more of a rose colour. A violet compound was provea on analy- 
sis to contain 60 per cent of oxide of tin, and 40 of metallic gold; 
and one of a fine purple consisted of SOj oxide of tin and 79§ gold. 

XII. Gold is precipitated from its solvent by ether, but the oxide 
of gold is instantly re-dissolved by the ether, and forms the ethereal 
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solution of gold. This solution is advantageously applied to the gild- 
ing of steel scissors, lancets^ and other instruments, which it pro&cts 
from rust with a very smaU expenditure of gold. 
' XIII. When a current of sulf^u^etted hydr<^n gas is passed 
through a solution of gold, a black precipiBUe falls down. This is a 
true sulphuret of gold, which gives up its sulphur on the application 
of heat. It is composed of • 

Gold .... 80.59 .... 100. 
Sulphur « . . 19.61 24.39 



100. 124.39 / 

The sulphuret, thus prepared, is more uniform in its composition, 
than that which is precipitated by alkaline hydro-sulphurets; for 
these contain a variable proportion of sulphur, which is wrowh down 
along with the gold. ^ 

The sulphuret of gold is soluble in hydro-snlphuret of potash. Li* 
quid potasD takes up a part, and leaves * a yellow powder, which is 
metallic gold. The alkaline hydro-sulphurets do not diskilve gold, 
however minutely divided, till sulphur is added, when probably a sul- 
phuret of gold is formed, on which the hydro-sulphuret is capable of 
acting. 

XIV. Gold may be combined with phosphorus, either byjprecipi- 
tating its solution with sulphuretted hydrogen, or, as Mr. E. Davy 
discovered, by heating finely divided gold with phosphorus in a tube 
deprived of air. It has a grey colour, and a metallic lustre; is de- 
composed by the heat of a spirit lamp; and contains about 14 per 
cetkt of phosphorus. 

XV J. The methods of purifying gold, by the opera tionsjof cupelling 
and quartation, would lead into too long details. They are very per- 
spicuously described by La Grange,4n the 44th chapter of his Ma^- 
nual; and in Aikin's Chomical Dictionary, article Gold. To tiie lat- 
ter work; to Lewis's Philosophical Commerce of the Arts; and to 
Mr. Hatchett's paper, in the Philos(mhical Transactions for 1803; I 
refer also for information respecting tne alloys of sold with other' men- 
tals. It may be proper, however, to add that gold, which is too soft, 
in itar pure state, for many purposes, has its hardness greatly increased 
by being melted or alloyed with a small proportion of copper. It is 
a singaTar fact, that some kinds of copper,, which do not themselves 
appear defective in any respect, totally destroy the ductility of gold. 
This appears to be owing to the contamination of the coppef^ with a 
very small quantity of lead and antimony, of either of which metals^ 
only about l-1920tn in weight is sufficient to produce this injurious 

The degree of purity of gold is expressed by the number of parts of 
that metal, contained m 24 parts of any mixture. Thus, gold, which, 
in 24 such parts (termed carats), contains 22 of the pure metal, is 
said to be 22 carats fine. Absolutely pure gold^ using the same lan^ 
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guage, .is 24 carats fine ; and gold alloyed with an equal weigbt o^ 
another metal» 12 carats fine. ' 



SECTION 11. 

Flatinum. 

I. Platinum, in the state in which it reaches this country, is con- 
taminated by the presence of eight or ten other substances; and, in 
fact, is merely an ore of platinum. It had been discovered in no 
'other places than Choco and Santa F6, in South America, until about 
two years ago, wh«n Vauquelin detected it in some ffrey silver ores 
from Estremadura; and, more lately, it has been brought from St Do- 
mingo, and from the gold mines of Brazil. The general aspect of the 
ore of platinum is that of small grains or scales, of a whiter colour 
than iron, and extremely heavy. Various processes have been con- 
trived for its purification;* but the one, which is the most simple and 
practicable, appears to me to be tiiat of Count Moussin Poushkii<, 
communicated by Mr. Hatchett in tlie ninUi volume of Nicholson's 
Journal.t It is unnecessary, however, to detail these processes; as the 
metal may now be had, in a pure state, at a reasonable price; among 
other places, at Carey's, No. 182, Strand, London, 

II. Platinum has the following properties; 

1. It is a white metal, resembling silver in colour, but greatly ex- 
ceeding it, and indeed all other metals, in specific gravity, which may 
be stated at 22 or 23; according to Sir H. Davy, at 21.S; and, accord- 
ing to Marquis Ridolfi, at 22.63. It may be drawn into wire about 
the 2000th part of an inch in diameter, and beat into very thin plates. 

2. It is extremely difiicult of fusion. It may be melted, however, 
by the blow-pipe, with the aid of oxygen gas. A globule, also, weigh- 
fng 29 grains, boiled violently in the focus of a lens about three feet in 
diameter ;J and Dr. Clark, by means of the blow-pipe with compressed 
oKygen and hydrogen gases, has melted more than 200 grains of pla- 
tinum into a single brilliant metallic globuic.§ 

3. It is not. oxidized by the long-continued and concurrent, action 
of heat and air. To obtain its oxides, we must have recourse to a 
circuitous process. The nitro-muriate of platinum is to be decom- 
posed by Ume water, and the precipitate re-dissolved in nitric acid. 
This solution being evaporated, and heated so as to drive off the acid, 
a brown powder remains, which is the oxide of platinum at the maxi- 

" See Aikin's Dictionary, article Platinum. 

f A process for purifying platinum, by the intermediation of zinc, is des- 
cribed by Descotils in the 64t]i volume of the Annalea de Chimic, pag-e 334, or 
37 Phil. Maff. 65; and another by the Marquis gf Ridolfi in Journal of Sci- 
ence, &c. i. 259. 

+ 69 Ann. de Chimie, 93. 

i Thomson's Annals, ix. 162, and x. 374. 
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mumt and whicti contains in 100 parts i^-qf f^xjgen. This 'OXide, 
v^ery carefully iioated, passes to a green colour, and loses six parts 
of oxygen, seven only remaining, combined with *9S of metal. It is 
proper, however, to state, that Sir H. Davy did not succeed in the re* 
petition of these experiments. 

Berzelius* describes two oxides of platinum. The protoxide is pre- 
cipitated from the muriate by an ex-cess of potash. 

Its colour is blacky and it consists of 

Platinum • . * . . 92.35 .... lOa 
Oxygen « 7.65 ..... 8.287 



100. 108.287 

The pei-oxide, accordinjg to the same chemist, has been obtained 
«nly in combination. It is composed of ' % 

Platinum 85.93 . . , 100. 

Oxygen ...... 14.07 .... 16.38 



100. 116.38 

The accuracy of this statement of the oxides of platinum has been 
objected to by Mr. Cooper.t The protoxide of platinum was obtained 
by him, by pouring a perfectly neutral solution of mercury (probably 
in nitric acid) into a dilute solution of muriate of platinum in hot 
water. The precipitate, a mixture of calomel and protoxide of plati- 
num, after being carefully washed and dried, was exposed to a heat 
barely sufficient to raise the calomel; sifter which there remained an 
intense black powder. By distillation Mr. Cooper ascertained that 
this powder is composed of 100 parts of platinuni +4.517 oxygen. 
If this be correct, the atom of platinum must weigh 175^or 

4.517 : 100 :.• 7.5 : 175. 

On the other hand, vfe have the testimQuy of Yauquelin, that the 
oxide of platinum, obtained from tlie sub-muriate by means of soda, 
contsuns between 15 and 1^ parts in the hundred of oxygen ^|: while 
the grey oxide, which enters into the composition of fulminating pla« 
tinum, contains, according to Mr. E. Davy, 11.7 of oxygen in lOOvf 
the oxide. These discordant results show that the subject recfuires 
farther investigation. 

5. Platinum has the property ot^w^lding^^ which belongs to no 
other metal but this and iron. 

* 87 Ann. de.-Chimt p, 126. 

f Joum. of Scietlce, &c. vol. iil. 

i Ann. de Chim. et Phys. voL v. 

§ Two pieces of wrought iron, raised to a white beat, become covered with 
a Idnd of varnish; and, when brought into contact, may be permanently united 
■by forging. This is called the welding of iron. 

Vol. IL— H 
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6. It is not acted on by any other acid than the nitro-muriatic and 
oxj-muriatic.^ The former is best adapted tp effect this solution. 
Sixteen parts of the compound acid ai:e to be poured on one of the 
laminated metal, and exposed to heat in a glass vessel; nitrous gas 
is disengaged, and a reddish-coloured solution is obtained, whiph gii^es 
ft brown stain !^q the skin. 

When this solution is evaporatedi and heated to whiteness, chlo- 
rine nis is disengaged, and may be collected in a proper apparatus. 
The dry compound, investigated by Mr. E. Davy, gave 18.5 per cent 
of chlorine; but this is considered by him only as an approximation. 
From the experiments of Yauquelin, it seems probable that beside the 
muriate, there are also two sub-muriates, of platinum.t But the pre- 
cise nature of these compounds is open to farther investigation. 

7. The muriate of platinum may be crystallized by careful evapo* 
ration. The salt \g^ a very acrid taste, and is deliquescent It is 
decomposed by he^Fchiorine gas is evolved, and an oxide of plati- 
num remains, which is reduced to a metallic form by ignition with 
charcoal. 

8. The muriate of platinum has the, characteristic property of be- 
ing precipitated by a solution of muriate of ammonia. By this cha- 
racter, platinum is distinguished from all other metals, and nmy be 
separated when mingled with them in solution. The precipitate, 
thus obtained, is decomposed by a strong heat, and leaves pure pla- 
tinum. 

9. Muriate of platinum is not precipitated by prussiate of potash, 
nor by sulphate of iron. If any precipitate ensue, it is owing to the 
contamination with other metals. 

10. It is precipitated of a dark green colour by the gallic acid as 

E resent in wncture of galls. The precipitate becomes gradually paler 
ystanding.j: 

11. When pure potash is poured into the muriatic solution, a pre- 
cipitate ensues, which is not an oxide of platinum, but a triple com- 
pound of that oxide with the alkali and acid. With soda, also, it 
forms a triple combination, or soda-muriate* This is best obtiuned, 
by adding to nitric acid, in a retort, platinum, with twice its weight 
bi muriate of soda, and applying heat till about four-fifths of the fluid 
have come over. The remaining liquor forms, on cooling, fine pris- 
matic crystals, sometimes four or five inches long; and either reddish- 
brown, like titanium; yellow, like amber; or of a beautiful co^elicot 
colouV.§ 

12. Muriate of platinum is decomposed by ether^ and an etherized 
solution of platinum is obtained) which may be applied to the same 
uses as the similar solution of gold. It is decomposed, also, by sul- 

* Mr. P. Johnson has shown that platinum, by being allowed with silver and 
gold, is rendered soluble in lytric acid; (40 Phil. Mag*. 1.) and Mr. Cooper 
has established the same fact respecting the aUoy oi platinum with zinc %nd 
copper. (3 Joum. of Science, p. 119.} 

f Ann. de Chim. et Phys. v. 274. 

^ La Grange, ii. 272. 

% Nicholson's Journal, 8vo. iz. 67. 
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phoretted hydro^^n,* and a black powder is obtained, which becomes 
reddish-brown with an excess of the precipitant^ but reassumes its black 
eolour, on exposure to tile air. Its composition cannot be inyesti* 
gated easily, for the sulphur passes so rapidly to the state of sulphu- 
ric acid^ as, during the desiccation of the powder, to destroy the pa- 
per on which it was collected. Vauquelin asserts that, it is not a 
simple sulphuret, but a hydro^ulphuretted oxide of platinum.t The 
direct combination of platinum and sulphur was found by Mr. E. 
Davy to give an infusible black powder, containing aboat 16 per cent 
of sulphur.^: Yaucjuelin formea it by heating 10 pai|s of the triple 
muriate of ammmiia and platinum with 20 parts oi sulphur, or by a 
similar treatment of one part o^ finely divided platinum, with two of 
sulphur. He agrees with Mr. Davy as to^e proportions of its ele- 
ments. 

Phosphorus and platinum ma^ be united, either by passing phos- 
phuretted hydrogen into a solution of the muriate; or, according to 
^r. E. Davy, they combine directly in exhausted tubes with vivid 
iopition. The result is a bluish grey powder, infusible, and contain- 
ing 17 per cent, of phosphorus. 

13. Platinum is acted upon by fusion with nitrate of potash and 
with nitrate of soda, and also with pure fixed alkalies. The latter 
property diminishes considerably the utility of platinum as a material 
for crucibles. 

14. The most delicate test of the presence of plaUnum is muriate of 
tin. A solution of platinum, so dilute as to be scarcely distingiuisha' 
ble from water, assumes a bright red colour, on the addition of -a sin- 
gle drop of the recent solution of tin. 

15. Platinum combines with potassium and sodium, and affords brit- 
tle compounds. It unites also with most metals.§ In the proportion 
of only one-sixteenth it renders gold pale; it amalgamates wim mer- 
cury; and diminishes the fusibility or the fusible metals. Its alloys, 
however, have been but little investigated. 

16» A fulminating compound of platinum, analogous in its compo- 
sition and properties to aurum fidndnans, has been prepared by Mr. 
£. Davy, by precijntating a solution of sulphate of platinum with a 
slight excess of pure ammonia.||' The precipitate thus obtained w|ts 
washed, and dried sufficiently to separate it from the filter. It was 
then put into a Florence flask with a solution of pure potash, and the 
fluid Boiled nearly to dryness* A quantity of water was then added, 
and the solid matter, after beins well washed was dried for several, 
days at the temperature of 212° Fahrenheit 

The powder thus prepared has different shades of colour, from a light 
brown to a dark chocolate, and even almost black. One grain, laid on 
a thin sheet of copper, and heated to 400° or 420° Fahrenheit, produces^ 

• Ber^ellus. 

t Ann. d^ Chim. et Phys. v. 263. 

I See his Memoir on some of the Combinations of Platinum, Phil. Mag. 
vol, xl. 

§ See Darcet on the Alloys of Platinum with Silver. 89 Ann. de Chim. 135. 

II PhiL Trans. 18ir. 
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a report loucfer than that of a pistol, and the copper is deeply indent- 
ed» Like fulminating gold, it i« mcapable of being exploded by per-* 
cussion. It appears to be a triple compoand of oxide of platinum, 
. ammonia, and water. 

17. Platinum has been discovered by Dr.WoUaston to be a re* 
tnarkably slow conductor of caloric* When equal pieces of silver, 
copper, and pktinutn,. were covered with wax, and heated at one.end» 
the wa^ was melted 3§ inches on the dilver; £§ oft the copper; and 
1 inch only on tlie platinum* lt» expansion by heat is considerably 
less than tliat |^ steel ;: which, between the temperatures of 52^ and 
21£^ is expanded about I^ parts in 10,000, while the expansion of 
platinum is only about 10. From trials made by Mr. Scott of Dublin^ 
it appears to possess sufficient elasticity tq be applicable to the makinp: 
of penduluito springs for watciies."^ 



SECTION ra. 

Silver. 

Silver is a metal,, which admits' of a degree of lustre, inferior onlT 
to that of polished steel. Its specific gravity, after being hammered, 
is 10.51. In malleability, ductility, and tenacity, it exceeds all the 
metals, except gold. Its fusing point, as determined by Dr. Kennedy, 
is 22° of Wedgwood's pyrometer. By considerably raising this heat, 
it may be volatilized ; and, by slow cooling of the fiueed mass, it may 
be madje to assume a regular crystallized form. 

To obtain silver in a state of purity, Mr. Donovan recommends, 
that 240 grains of standard silver be dissolved in as much pare nitric 
acid of specific gravity about 1.2, as will be barely necessary for solu- ^ 
iion. This is to be filtered, and distilled water allowed to run through 
the filter, until the fluids amount to two ounce measures. A bright 
plate of copper weighing upwards of 64 grains is to be immersed and 
frec[uentlv agitated m it When the silver has entirely precipitated, 
which will very soon happen, the clear supernatant liouor is to be 
poured ofi*, and the precipitate to be well washed witli pure water. 
The silver is then to be boiled for a few minutes in liquid ammonia. 
It is then to be well washed with water and dried in a filter; after 
which, if required, it maj be melted in a cruciblct 

The chemical properties of silver are the following: 

I. Silver is difficultly oxidized by the concurrence of heat and air. 
The tarnishing of silver is owins not to its oxidation merely, but to 
its union with sulphur, as Proust nas satisfactorily shown. 

By transmitting a Galvanic or electric discharge through silver 
wire, it is oxidized; and by long exposure of silver to heat, with. 

* Nicholson's Journal, xxii. 148. 
t PhU. Magaeiae, zlvii. 205. 
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free access of air^ it is at length converted | into &n olive«<otoiired 
^ass. The oxide of silver may, also,, be obtained by decomposing; 
nitrate of silver with solution of barytes? and, after washing the pre- 
cipitate sufficiently, heating it to dull redness^ It has an olive co- 
lour, and is composed, according to Sir H. i>avy, of 100 parts of silver 
united with 7S oxygen, or, according" to Dr. Wpllaston^ TAi A larger 
proportion of oxy^n is assigned by Berzelius, viz^ 

Silver • . . . 9%%7 . . . im. 
Oxygen .... 7.33 . . . 7.925 



100. ■ . 107.925 

9 

No other oxide of silver has been ascertained to exist; but fr$tai 
tlie experiments of Mr. Faraday,, there seems reason to believe thai 
the pellicle, which forms spontaneously on an ammoniacal solution of 
oxide of silver exposed to the air, is a protoxide of that metal, in 
which the oxygen is to th^ silver as 7,5 to 157.4.*^ 

II. Silver IS acted on by sulphuric acid, which, when assisted by 
heat, oxidises and partly dissolves it. The sulphate of silver, how- 
ever, which is very useful as a tes^ i& better prepared by dissolving 
in sulphuric acid the carbonate of silver,^ precipita/ted from the nitratS 
by carbonate of soda. It forms smaU brilliant and needle-shaped 
crystals^ which require for solution a large quantity of water. 

III. Nitric acid diluted with from two to four partsf of water dis^ 
solves silver with a disengagement of nitrous gas. If *ihe silver be 
pure, the solution is colourless, otherwise it has a green hue. Ac- 
cording to Froust» nitrate of silver already saturated, if boiled with 
powdered silver, dissolves an additional quantity; and a solution is 
obtained, in which the silver is oxidized at a minimum. This sub- 
nitrate, he observes, possesses different properties from the common 
one.t 

IV. Muriatic acid does not act on silver; yet this acid takes oxide 
of silver from others. Thus when muriatic acid is added to nitrate 
of silver, ii white curdy precipitate^ falls down in great abundance. 
This precipitate is decomposed by light; for, when exposed td the^ 
direct rays of the sun, its colour becomes gradually darker. (See 
chap. iv. part v.) If fused by a gentle hea^ it forms a semi-trans- 
imrent mass of the consistence of liom> called luna cornea, or horn 
silver, *or more properly fused mwnaie qf silver. 

The composition of fused silver ha& been variously stated. Ac- 
cording to 6ay Lussac 100 grains of silver combine with 7.60 oxygen 
and 25.71 acid. Other chemists have given different proportions, as 
appears from the following Table. 

* Journ. of Science, iv. 270. 
t Nicholson's Journal, xv. 376. 






62 



META16. 



CHAP* XI3^ 



100 parts, aiccording to KTrwan • 

'• ; — Chenevix 

. ' - ' Zaboada • 



I f < I ' t* 



V . ■> 



- Proust . . 

- Dr, Marcet . 

- GayLiissac • 

- BerthoUet . 

- Berzelius 



Acid. 

16^4 

17. 

17 J 

18. 

1^.05 

19.28 

17.5 

19.035 



Base. 
83.46 
83. 
8S.3 
82. 
8a95 
dOJQ 
8S.5 
80.965 



These differences may, perhaps, in part, but not entirely, be ac- 
count(sd for, by the different states of dryness of the muriate of silver. 
A hundred grains, I have found, after being dried during twenty-fowr 
hours, at a tempera,ture between 212° and 300° Fahrenheit, lose barely 
ft grain by fusion. On the whole, I should be disposed to consider the 
determinations of Marcet, Gay Lussac, and Berzelius, as most entitled 
to confidence. 

Muriate of silver is decomposed by fusion with desiccated carbo- 
nate of soda. Mix one part of the former with three of the latter 
6alt, and let the mixture be fused in a crucible. When cold, the 
silver will be found reduced at the bottom of the crucible; break the 
mass, and separate the metal. From 100 grains of the muriate, barely 
75 of pure silver are obtained. This is one of the best modes of pro- 
curing silver in a state of purity./ 

V. Silver combines with chlorine, when heated in that gas, and a n 
compound results, which, in composition, agrees with fused muriate 
of silver* According to the new theorjf^Cf chlorine, it is, in fact, a 
compound of that body and metallic silver ; and it has, therefore, 
been called by Sir H. Davy, argentane^ by Gay Lussac, cfd&rure of 
silvery but its appropriate name is chloride of silver. Sir H. Davy- 
makes the chlorine in this compound amount to 24.5 per cent., and 
100 grains should therefore consist of 



Silver 75.5 

Chlorine 24.5 



• • th 



100. 

32.5 , 



100. 



132.5 



Dr. Ure finds tliat 100 chlorine combine with 3p7.5 sHver,* wliich 
scarcely diflfers from the foregoing statement Acfcording to Dl. Mar- 
cet's analysis, 100 grains should contain 75 of silvei*, ror this is die 
quantity of metal in 80.95 ^ains of the oxide, taking the oxygen at 
7.^ to 100 of silver. If this be admitted, 100 of silver will then be 
saturated by very nearly 33.5 of chlorine. It must be obvious, that, 
in order to convert the old statement of the composition of horn silver 
into the new one, it is only necessary, to suppose the oxygen tak^i 
from the oxide, and added to the muriatic acid, which gives die quan- 
tity of chlorine. 
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VI. A solution of nitmte of silver stains ahimal substances a deep > 
black. ^ Hence it has been applied to the staining of human hair; but 
when thus employed, it should be very much diluted, and used with 
extreme caution, on account of its corrosive quality. 

White paper, or white leather, when stained with a solution of ni- 
trate of saver, in the proportion of ten parts of water to one of the 
salt, undergoes no change in the dark; but when exposed to the li^ht 
of day, it gradually acquires colour, and passes throu^ a succession 
of changes to black. The common sun-beams,, passing through red 
glass, have very Uttle effect upon it; yellow and green are more effi- 
cacious; but blue and violet produce the most decidedly powerful 
effects. Hence this property furnishes a method of copying paintings 
on glass, and transferring them to leather or paper. The process ia 
described by Mr. T. Wedgwood, in Nicholson's Journal, 8vo. iii. 167* 

By a similar process, ivory may be covered With silver. Let a slip 
of ivory be immei^ed in a dilute solution of pure nitrate of silver, tijl 
the ivory has acquired a bright yellow colour. Then remove it into 
atumbk^ filled with distilled water, and exfwse it to the direct light 
of the sun. After two or three hours exposure, it will h|ive become black; 
but on rubbing it a little, the surface will be changed into a bright 
metallic onei resembling a slip of puris silver« As 3)e solution pene^ 
tra^s deep into the ivory, the bright surface, when worn away, is re* 
placed by a succession of others. 

VII. This solution of nitrate of silver, when evaporated, forms regtt* 
lar crystals. These crystals fuse when heated; and being poured; in 
this state, into moulds, form the common lunar caiistic. Fused ni* 
trate of silver, according topProust, is composed of 

Silver ... 64? -,q 



Oxygen . • . 6 _ 

Nitric acid 30 



• 



100 



This statement, however, cannot be correct, as it assigns too large ft 
proportion of oxygen to the oxide, viz. 8.6 to 100 grains of silver. 

VIII. Nitrate of silver is decomposed by other metals. Thus the 
surface of a plate of copper, to whicii the solution is applied, becomes 
plated over with silver. Tlie first part of the deposit. Gay Lussac 
finds, is perfectly pure silver. The latter portions contain an admix*' 
ture of copper, 'which may be removed bj a fresh solution of nitrate 
of silver. . If a little merqury be poured into a bottle filled with the 
solution of nitrate of silver, and the bottle be left some time nndis* 
turbed, the silver is precipitated in a beautiful form resembling the 
branches of a tree, which has been termed drbor BiatKB* The most 
successful process for obtaining this appearance, Baum6 assures us, is 
the following: Mix together six parts of a solution of silver in nitric 
acid, and four of a solution of mercury in the same acid, both com- 
pletely saturated. Add a small quantity of distilled water; and put 
the mixture into a conical glass, containing six parts of an amalgam, 
tnade with seven parts of merci^ry and ope of silver. At the end of 
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«ome hours, there appears on the surface of the amalgam a precipi^te 
in the form of a vegetation. According to Proust, however, this com- 
plicated process is quite unnecessary; and all that is required is ta 
throw mercury into nitrate, of silver very much diluted. A beautiful 
arhorizAtion of reduced silver* he obsierves, wiU be produced without 
difficulty. 

, IX. The selutioB ^ silver is decomposed by charcoal* and by hy- 
•dro^n gas and its compounds. This may be shown by experiments 
precisely, similar to those already directed to be made with muriate 
of gold. A stick of clean phosphorus, also, immersed in a dilute so- 
lution of nitrate of silver, in the course of a few days becomes beau- 
tifully gilt 

X. Precipitate nitrate of silver by lime-water, and thoroughly edul- 
eorat^, and dry the precipitate. Let this be afterward put into a ves- 
sel of the purest liquid ammonia, in which it may remain for ten or 
twelve hours. It will then assume the form of a bkck powder, from 
which the fluid is to be decanted, and the black substance leit to dry 
in the air. This is the celebrated compound ttvmeA fulwAnativs siL- 
ver^ which detonates witli the gentlest heat, and even with the di^t- 
est friction. It may be formed, also, by boiling any precipitated oxide 
of silver, for a few moments, in a mixed solution of potash and am- 
monia« The protoxide, however, described by Mr. Faraday, does 
not afford it When once prepared, no attempt must be made to 
, enclose it in a bottle, and it must be left undisturbed in the vessel in 
which it was dried. Great caution is necessary in the preparation of 
this substance, and in .making experiments on it It even explodes^ 
when moist on the gentlest fnction.* ^ 

XL A new detonating compound of" silver, formed by a process 
similar to that employed in making the fulminating mercury of Mr. 
Howard, has lately been described by Descotils.t It is prepared by 
adding alcohol, to a heated solution of silver in nitric acid, while the 
solution is yet going on. Considerable effervescence arises; the 
liquor presently become^ turbid; and a heavy, white, crystalline pow- 
der falls down. This, when washed and dried, is the detonating -si^ 
ver. Heat a slight blow, or long continued friction, cause it to in- 
fltime with a brisk detonation. Pressure alone is not sufficient unless 
Very powerful. It detonates by the electric spark, and is set on fire 
with an explosion by concentrated sulphuric acid. Both in the pre- 
paration of this substanpe, and in experiments on its detonation, 
much caution is necessary; and only very small quantities should be 
employed. This preparation was originally discovered by Mr. E. How- 
ard« In repeating his process. Mi!. Cruickshank dissolved 40 grains 
ef silver in two ounces of strong nitric acid, diluted with an equal 
weight of water. Then by heating the solution with two ounces pf 
alcohol, he obt^ed 60 grains of a white powder, which detonated 
violently. 

XII. A very useful solvent of silver has been discovered by Mr, 
Keir of Birmingham. It is formed by dissolving one part of nitre in 

* See Count Rumford*s papers, Philosophical Tnuisactions, 1798. 
f Nicho]BOQ*s Journal, 'zviu. 140. 
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about eight c^ ten parts by we^t of concentrated aolphirie acilL 
This compound (which mat.be called n\iTo^s:alflmric ociif) when 
heated to be^een 100'' and SOQ^ Fahrenheit, dissolves one-fifth or 
one-sixth Its weieht of silver^ with an extrication of nitrous gas; and 
leaves, untouched, any copper, ^Id, lead, or iron, ^th which' the sil* 
ver may be combined. Hence it is a most usefiil agent in extracting 
silver nom oU plated goods. The silver may be recovered from the so* 
lution by adding muriate of soda, which forms muriate of silver; and 
this may be decomposed by carbonate of soda, in the way which has 
already been described. 

' XIII. Phosphate of silver is a compound of some imfportance* firom 
its use in preparins; chloric acid. To obtain it, crystals of nitrate 
of silver, may be dissolved in pure water, and a solution of phos* 
phate of soda be added. The neutrality of the nitrate of silver is des^ 
troyed,. and though the phosphate contains an excess 6f alkali, the re- 
suiting liquor is acid. The precipitajte is of a yellow colour. When 
washed and dried* it is fusible at a red h^at without any farther los^ 

ef weight. It consists, according to BerzeHus,^ of 

■,''.' 

Phosphoric acid • • . 17.0S5 • • • 100. 
Oxide of silver , . . . 82.9r5 . . . 487.38 



;. .loa - . , • ^ ■ . 

' XIV. Silver is kcted on by sulphurets of alkalies, and by sulphu^ 
retted hydrogen gas. Both these snbstinces blacken silver when as* 
posed to their operation ; and the common tarnishing of silver by 
the atmosphere has been traced to a similar cause. Sulphuret of sil- 
ver has been analyzed by Berzelius, and found to consist of 

Silver ... ,.: . 87.092 ... . 100. 
Sulphur .... . 12,968 .... 14.9 

100. 114.9 

' , ^ ■ -' ■ . 

XV. silver is capable of being united with most other metals. 
When alloyed with copper, in the proportion of one part to twelve* 
it constitutes the standard sUver of this country. This combination^ 
thott^ its colour differs but little from that of pure silver, is much 
harder, and better adapted for the purpose of coin» and of domestic im^ 
plements. Silver of commerce is composed of 37 parts of fine silver 
to S of copper; but the fine silver, being obtained by cupellatioB, 
contains gold, which is left after solution by acids, eitb^ in the f'Ottk 
of purple protoxide, or black peroxide, 

' » Am. d« Chim. et Pfa^ u. 163. ' 
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SECTION IV. 
JHercury. 

L Mercury, cm* quicksilver^ is the only one of the metals that ne* 
tsulns a fluid form at the ordinary temperature of die atmosphere. 

n. When its temperature is reduced to about 59** or 40** below 
zero of Fahrenheit, it assumes a solid form. This is a degree of cold. 
I^wever, that occurs onlj in lii^h northern latitudes: and in this conn- 
irj quicksilver can only be exnibited in a soAd state by means of 
artificial mixtures. By congelation it acquires ap increase of its spe- 
cific gravity; and, therefore, unlike other metals, the congealed por- 
tion sinks to the bottom of a fluid mass of mercury. Its S;pecific mh* 
vity,.at 47° above of Pahirenheit, being 1S.545, it was founa in- 
creased by congelation, in an experiment of Mr. Biddle, to 15.612, or* 
about one-seventh. 

' III. At about 660** of Fahrenheit (656*^ according to Creighton) 
mercury boils, and is changed into vapour. Hence it may be driven 
ever by distiilatton, and may thus be puri6ed,:thDii^ not accurately^ 
from tne admixture of 4)Uier metals. When its temperature is con* 
siderably increased above this point* the vapour acquires great expan- 
sive force, and the power of bursting the strongest vessels. 

IV. Mercury is 4iot oxidized, when pure, at the ordinaiy tempera- 
ture of the atmosphere; but preserves the lustre of its surface uii-* 
ebaaged for a considerable time. Ther^ are several methods, how- 
ever, bv wbich^ it may be brought to combine with oxygen. 

(a) Mercury is oxidized by lon^ continued a^tation in a bottle half 
filled with atmospherical air, and Is converted into a black powder, to 
wluch Boerhaave gave the name of eUiiaps jper se. When this oxide, 
(which may be obtained, with less- trouble, by decomposing calomel 
with solution of potash), is distilled in a glass retort, oxj^n gas is 
evolved ; or if a moderate heat be long continued, it acquires a red- 
^lish colour, and a still farther dose of oxygen. The black or protox- 
ide consist^, according to Fourcroy and llienard, of 100 parts of me- 
tal united with 4 of oxygen. The protoxide of mercury, it is asserted 
by ^ibourt, cannot be obtained perfectly pure^ for when either pro- 
nitrate or protochloride of mercury is decomposed by potash, the pre- 
cipitate, even when excluded from air, <;oQtaios peroxide of mercury, 
and small globules of metal, the latter of which are discoverable by a 
igagnifler. Nor can it be procured by triturating together ibe perox- 
ide and «ieta1.* 
. {b) Another oxide of mercurjr ir obtained by exposing the fluid me- 
tal, tor several days, to nearly its boiling temperature, in a flat glass, 
vessel, into which air is freely admitted. After a saffident len^ of 
time, small flaky crystals form on its surfece, of a brownish red, or 
fca colour. This red osdde was formerly cidled prec^^UaU ftr se. 

• 6 Ann. de C3lttm.'et Phj^a U. 4^. 
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When distiUed ^Toiie in t eUiss. retx>rt» it yieUs oxygeft gas, and 
turns to a metalUc stat0. It is composed* according to Foureroy and 
Thenardi of 100 mgtal and 8 of oxygen. Sir H« Dav^, ateo» fiiMls it| 
oxygen to tie exactlrdooble thatof the j^ro^oan^k^Mrhich is composed 
of 190 mercury ana 7 J oxygen* while the peroxide consists of 190 
neta) tad 15 oxygen. Hence the protoxide is composed of 

Mercury . . . . 96.22 .... 100. 
Oxygen ... . . S.78 . . . . 3.947 

100. 103.947 

And the peroxide of 

Mercury . • •„• 92.69 . . . . 100. 
Oxygen ....... 7.31 . ,. . • 7.894 

100. 107^94 

It will be sufficiently near the truth, if we admit, with Dr. Wollaa- 
ton, the black oxide to consist of 100 metal. United with 4 of oxygen, 
and tite j?ed of 100 mercm^ + 8 oxygen, lite latter number agrees 
with the exp^ments^of Guibourt; and the oxygen in the protoxide, 
thoqdi from his analysis it a|>peared to contain 4^ in 100 mercury, 
nay be safely taken at half that in th^ peroxide. This^ would maki^ 
die atom of mercury to weigh 175, foi^ 

4: 100^:73: 175. ^ ^ 

Peroxide of mercary, Ou&ourt finds, is decompofted by lone coa>- 
timied exposure to light It is soluble in water, and communucateli 
to it the |m>{)erty of tuhaing syrup of violets green, and of being pre- 
'Ciptated by sulphuretted hydrogen. With ammonia, die peroxide 
forms an amntonitiref, decomposed by heat; 

V. Mercury is dissolved l^ hot and concentrated sulphunc iieid^ 
Two parts of sulphuric i^cid and one of mercury are the proportions 
generally used; and as strong sulphuric acid acts but Httle on iron, 
the combination may be made in an iron vessel. Part of the r^uki- 
daniacid may be expelled by heat; but still the salt retains i^ con- 
siderable excess of aeid, and may be called super-sulphate of mercury. 
It is very difficult of 8f>kition» reouicing 155 parts of cold or 3S of 
toiling, water. By repeated wasihinffs with cold, water, the whole 
excess of acid may be removed, and the salt is rendered much m«re 
insolttble* 

Wbea the sttper^ulphate is heated for some time, at a ^empieraliire 
exceadangthatof boiling wat^» it loses still more acid, and is chaaged 
inlo a hani -grey msBSi Whan Ais is removed fnmi the lire, and 
bmling water poured upon it, a lemon-yellow colouted powder is 
feraicd called Turbjth Mnmd, lUs subataiice if^airaa for sotu- 
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iion 2000 times i to wei^t of water. One hundred parts consist of 
10 sulphuric acid, 76 mercery, 11 oxygen, and S water* 

. VI. The nitric acid dissolves mercury, both witli and without the 
assistance of heat At the common temperature, but little nitnws 
gaa is evolved by the action of mercury on nitric i^id; and the acid 
becomes slowly satui:ated. The solution is very ponderous . and 
colourless; and yields, by evaporation, large' transparent crystals of 
prihnitrate of mercury* The solution does not became milky when 
mingled with water. Pure fixed alkalies give a yellowish white 
precipitate ; and ammonia a ffreyish black one. 

But if heat be used, a brisk effervescence arises, oocasioned bj the 
escape of nitrous gas, and a solution is obtained, in which the metal 
is more highly oxidated, constUuth^ per-nitrate of mercury. When 
this solution is poured into cold water, a yellowish white sediment is 
formed; or, if into boiling water, an orange coloured one. Both pre- 
cipitate consist of nitric acid, with a great excess of oxide^ forming 
an insoluble sulhnUrate of mercury* 

If the last mentioned solution be boiled with a fresh quantity of 
mercury, the newly added metal is taken up, without any dis- 
chai^ of nitrous sas, the metal becoming oxidized at the expense of 
that already dissolved. 

When the nitrate of mercury is exposed to a heat gradually raised 
to 600^ or upwards, it is deprived of water and of most of its acid, 
dnd reduced to an oxide, wnich has the form of brilliant red scales* 
This substance, commonly called red precipitate^ is termed more 
properly, the tntrooinde pfmsrcurys because it contains a small pro- 
portion of acid. 

YII. Mercury is the basis of a new fulminating compound discover- 
ed by Mr. E. Howard.' To prepare this powder, 100 grains (or a 
greater proportional quantity, not exceeding 500) are to be dissolved, 
with heat, in a measured ounce and half of nitric acid. The ^lution 
being poured cold upon two measured ounces of alcohol, previously 
introduced into any convenient glass vessel, a moderate heat is to be 
applied till effervescence is excjted. A white fume then b^ns to 
undulate on the surface of the liquor, and the powder will be gradu- 
ally precipitated on the cessation of action ana re-action. The pre- 
cipitate is to be immediately icoll^ected on a filter, well washed with 
distilled water, and cautiously dried in a heat not exceeding that of a 
water^bath. The immediate washins of the powder is material, be- 
cause it is liable to the redaction of the nitric acid; and while any of 
that acid adheres to it, it is very subject to be decomposed by the 
action of light From 100 grains of mercury, about 120 or 130 of the 
powder are obtained^. This powder has the property of detopiduig 
loudly in a gentle beat, or by light friction. 

Ylll. There are two views under which we may regard 4he aalts, 
heretofore considered as compounds of oxide of mercuiy with dif- 
ferent proportions of muriatic acid ; for it is possiUe that they may, 
in reality, be compounds of metaltic mercury wt4i different propocv 

'* See Phikmopttcal Trunactlons, I860, piige 214. 
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tions of ckhrine. Tor which tiie proper appellaiion i^ eMortifes. Mer- 
cury, according to die. former view, though not acted upon by muriatic 
lu^id, may be brought into- union wi^ that acid bj double electiTe 
dcffintty. Thug when sulphate* of mercoiy and muruite of soda, both 
well aried, are mixed and exposed to heat, a combination of oxide of 
mercury and muriatic acid is obtained by sublimation. This com* 
pound IS muHate ofmercur^^ the corrosive sublimate of the shops* 
The same components, with a stilP farther addition of mercury, con-- 
^iitute an in^luble substance called sulhTmriaU of mercury^ or calo- 

The corrosive muriate requires 16 or 30 times its wei^t of water 
for solution; but is soluble in about one and, one^ighth its weight of 
alcohol. Its solution in water is decomposed by all the fixed alkaliea 
and alkaline salts, whiph throw down at first an orange, and afterwards 
a brick red precipitate. 

; Calomieli or the sub-muriate, is formed by giinding the muriate 
with about half its weight of metallic quicksilver, and then repeatedly 
subliming the mixture* As the new compound is nearly insoluble, it 
maybe freed from any remains of the corrosive muriate by repeatedly 
washing with water. Fourcroy and Thenard have given the follow* 
ins comparative view of the composition of corrosive sublimate and 
caloniel. 

f 100. mercury. 
Calotnel ^ . * i 4.16 oxygen. 

(, 13.97 muriate acid« 

, r 100* mercury. ^ 
Corrosive Muriate i 8,21 oxygen. 

I 27.39 muriatic acid. 

Mercury unites directly with chlorine, and, if heated in the ^g, 
burns with a pale red flame. The product is identical with corrosive 
sublimate, which, according to Sir H. Davy, is a compound, not of 
muriatic acid and oxide of mercury, but of chlorine and that metaL 
According to his experiments, calomel or protochloride of mercuTjft 
consists of 190 mercury and 33.5 chlorine, or of 

Mercury ..... 85 , . . . 100. 
Chlorine ..... 15 ... . 17.6 

100 
And Gorrpsive sublimate or p&rehieride of mercury^ is composed of 

Mercuty . • . • . 74 .* • . . 100. 
Chlorino » w . , . 26" • . . . 35.S 

100 



\ 



Hre oxideft of mercur^r are soIaUe in cMorte acid;* and, as is the 
taae with th^r combinations with i^hlorine, the salt formed with ^tut 
peroxide is bj much the more solabie. When heated, thej give out 
oxy^n gas, and are converted into perotide of mercury ami corr^iire 
sabiiBftate* They may be called protoMorate and aeatochlaraJte ci 
mercury; 

IX. The oxides of ma*c^ are all reduced by heat alon^« without 
the addition of any combustible substance, and afford oxygen gas. 

«X. Mercury dissolves gold, stiver, tin, and many other metals; 
and. if these be combined with it in suflKcient quantity, the mercurr 
loses its fliudity, and forms an amalgam. A solid amalgam of lead, 
And another of bismuth, on admixture together, have the singular pro- 
perty of instantly becoming fluid. The extraordinary powers of the 
base oC ammonia in amalsamating with mercury, have already been 
described in speaking of that alkdi. 

By combination with mercury, metals that ar^ not easily oxidized, 
acquire a facility of entenne iiito union with oxy^n. Thus gold and 
silver, when combined with mercury, are oxidixed by affltationia 
contact with air. This fact furnishes a striking illustration of the 
effect of overcoming the aggregative affinity of bodies, in promoting 
chemical union. , 

XL By combination with sulphur, mercury affi>rds two distinct 
compounds. By long continued trituration, these two bodies unite, 
and form a black sulphuret When united together bv fusion, and 
afterwalrds sublimed, they constitute a red sulpnujret called cinnabar, 
which, when powdered, affi)rds the common pigmlnit vermilion. The 
ph)cess used by the Dutch, who have long been celebrated for the 
preparation of c^nabar, is described in the 4th volume of the dnnoles 
de ChemUt or in Aikin's Dictionary, vol. ii. This compound also 
may be obtained bv mixing concentrated solutions of miuriate of mer<k 
cury and hydro-sulphuret of ammonia. A brownish muddy precipi- 
tate is obtained, which, when left undisturbed, turns yellow in three, 
or four days, then orange, and finally acquires a beautiful cinnabar 
colour.t 

If mercury, like other metals, unite with twice^the quantity of sul- 
phur which it absorbs of oxyeen, the proportion of ineredients on ita 
sulphurets will be found by doubling the oxygen of £e oxides, and 
they will be composed as follows: 





Mercury. 


Sulphur. 


Proto-sulphuret . . 


. . 100 • 


. • r.894 


Fer-sulphuret . • 


* . 100 • 


. . 15^88 



The composition of the sulphurets of mercury has been investi* 
gaied experimentally by Ouibert, witli results very nearly i4)proach- 
ing to these theoretical quantities.^: The first he obtained by acting 

* Vauquelin, 95 Ann. de Chim. 103, 
t Nicholson^ Joomal, 8vo. i. 2d9. ^ 
t Ann. de CbSgxL et Phys. ii. 425. 
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•Q caiomeU ftn^ ^^ seoond on corrosive 8ublimate> with sulphuretted j 

hydrogen. Both the resulting compounds were Mack; but the latter 

was entirely convertible inU> cinnabar of the usual colour by aubli- 

matiom Analysis^ by (tistiUatien with iron^ showed tl»m to consist 

as follows: • \ 



Mercury, . Sulphur. 

Proto-sulphuret • • • « 100 • • • 8.2 
Per-sulphuret • . • • • 1Q0< •, • • 16.0 



Bhodium and Palladium. 

Ths discovery oS these two metals was made bv Dr. Wollaston, 
who separated tnem from the ore of platinum* by the following pro* 
cess. ■ ^ • ■ . - • . ■ - 

I. Rhpdivh. When a solution of the ore of platinum in nitrd- 
muriatic acid has been precipitated, as far as possmie, by muriate of 
amuMmia (see sect 3.) it still retains a considerable degree of colour, 
varying with the strength and proportion of the acids That h^ye beeii 
employed in effecting the solution. Beside iron, and a portion of the 
ammonia-muriate of platinum, it contains, also, other metals in very 
small proportion. ^ ^ 

1. Let a cylinder, or thin plate of zinc, or iron, be immersed in the 
lolutioD* It ¥^ll separate alt the metals that are present ii| the state 
af a black powder. ^ Wash the precipitate (without dtyirie itj with 
very dilute nitric acid, assisted by a gentle heat, which wiU aissolve 
tfae<^op^r and lead. Digest the remainder in dilute nitro-muriatic 
acid; and to the solution, when completed, add a portion of muriate 
of soda* equivalent in weight to about one*fiftieth the ore of platinum 
employed. Evaporate by a gentle heat The dry mass contains the 
Boaa«muriates of platinum, palladium and rhodium) the two former 
of which may be separated by alcc^ol, and the salt of rhodium will 
remain. From its solution the rhodium may be precipitated by zinc, 
which throws down a black powder, amounting^ in weight, to four 
gmios from 400 of the ore. 

SL When exposed to heat, the powder continues black: with bona 
it acquires a white metallic lustre, but appears infusible by any de- 
gree of heat It is rendered fusible, however^ by arsenip,. and also 
by sulphur; both of which may be expelled by a continued heat; but> 
tne metallic button, thus obtained, is not malleable. 

3. The specific gravity of rhodium, as near as it could be taken, 
waa 11. 

4. Rhodium unites readihr with all the metals that have heen 
tded, excepting mercury, it does not discolour gold, when alloyed 
with it 
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5. Wh^n an allo^ of silver or gold with rhodium is digested in 
nitric or nitro-muriatic acid, the rhodium remains untouched; but 
when alloyed with three times its weight of, bismuth, copper, or lead, 
each of these alloys may be dissolved completely, in a mixture, by 
measure* of two parts murift^^ acid with one of nitric. The lead 
appears preferable, a^ it is reduced, by evaporation, to an insoluble 
ipiuriate. The muriate of rhodium then exhibits the rose c(4our, from 
which the name of the metal has been derived. It is soluble in aU 
coh<^. ^ . ] 

6. Rhodium b not precipitated from its solution by prussiate of 
potash, nor by muriate of ammonia, nor by hydrosulphuret of ammo- 
nia. The carbonated alkalies produce no change; but the. pure al- 
kalies precipitate a yellow oxide, soluble in all acids that have been 
tried* 

Berzelius has ascertained the existence of three oxides of this me- 
tal, composed as follows: 

Metal. Oxvg^n. 

Protoxide ...*.. 100 + 6.71 

Deutoxide ...... 100 + 13-42 

Peroxide . . ♦ . . • 100 + 20.13. 

IL Palladium. U The alcoholic solution (1. 1.) contains the soda* 
muriates of palladium and platinum. The latter metal may be pre- 
cipitated by muriate of ammonia; and may be obtained from the re- 
maining liquid palladium, by the addition of prussiate of potash, 
which occasions a sediment, at first of a deep orange colour, and 
changing afterwards to a dirty bottle green, owmn;, probably, to the 
pesence of iron. The precipitate is to be ignited, and purified from 
iron, by cupellation with borax. 

^ A more simple method of obtaining palladium has since been 
announced by its discoverer.* To a solution of the ore of pUttnum 
in nitro-muriatic acid, neutralized by evaporating the redundant acid, 
or by adding an alkali, and either before or after the separation of the 
platinum by muriate iof ammonia, let prussiate of mercury bo added. 
In a short time the liquid becomes yellow, and afloccolent precipitate 
is gi^adually formed ot a jra.le yellovvish white colour, which is the 
prussiate of palladium. This, on being heated, yields the metal in a 
pure state, lii the proportion of four-tenths or five-tenths of a grain 
from every hundred grains of ihd ore. 

3. Vauquelin has, also, proposed a method of separating rhodium 
and palladium from the ore of platinum. His process, which is less 
simple than the second method of Dr. Wollaston, is described at 
length in the 4th and Tth volumes of Dr. Thomson's Annals of Pht-*^ 
losopby. 

On examining some ore of platinum, brought from the gold iaines 
of Brazil, Dr. WoUaston has lately discovered in it small fragments 
of native paUadium^ which appear to be free from admixture with 
every other met&l, except a very minute portion of iridiiiim. These 

« PblL Mag. wi. 3r3, or PhU. Trans. 18(^5. 
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ftigments Affor fpdfa the ^mns of (^atinum, in betiig formed of 
fibres^ which are in some degree divergent from one extremity. Thia 
«iternal character Dr. Wollastoh deems sufficient for distiDgQiakinr 
the metal in sitaations» where recourse cannot be had to expen- 
ment.* 

Mr. Cloudy aissaj master of the Ammcan mint, has, also, discover* 
ed palladium in a native allov of gold with that metal.t The ^loy 
contiLined no other meta], and was perfectly free from its common 
ifi^dients, copper and silver. 

Those who may wish to examine palladium, may now procure it in 
t metallic state at Messrs. Kn|ghts% Fo8ter4ane, iiOndon. 

4. The following are the properties of palladium: 

(a) Its colour resembles that of platinum, except tiiat it is of a 
duller whiter It is malleable and ductile. Its specific gravity varies 
frwn 10.972 to 11/182. Its power of coiidacting caloric is nearly 
eqnal to that of platinum, which it rather surpasses in expansion by 
heat. 

(k) Exposed in an open vessel, to a greater degree of heat than h 
rehired to melt gold, no oxidizement ensues; and ho degree of 
fitisioD takes place. On increasing the fire considerably, a melted 
Imtton is obtained, and the specific gravity is inicreased to 11.871. 
The meta], in this state, has a greyish white colour. Its hardness ex- 
<kedA that of wrought iron. By the file it acqqires the brilliancy of 
iplatinnm; and is malleable to ft great degree. 

Berzeiius has gbown that 100 parts of palladium unite with 14.209 
|Nirts of oxygen. Hence .the oxide consista of 

'Palladium ....•» 87.56 ' 
' Oxygen ..;•... 12.44 

100. 

, (c) Palladium readily combines with sulphur. The compound is 
whiter jtkan thesq^arate metals and is very brittle. It has been in- 
vesj^ted by Berzeiius* and shown, to be composed as follows : 

Palladium . . , . 78.0S . . . , 100. 

Sulphur 21.97 . ... 29.15 

. ' ■ . ]. 

100, ' 128.15 

(d) It unites with potash by fusion, and also with soda, but less re- 
markably. Ammonia, allowed to stand over it for some davs, ac* 
quires a bluish tinge, and holds, in solution, a small portion or oxide 
of palladium. ' 

(e) Sulphuric acid, boiled with palladium, acauires ^ beautiful blue 
colour, and dissolves a portion of the metal. The action of this acid, 
however, is not powerful; and it cannot b^ considered as a fit soU 
vent for palladiunji. 



* pykMDlueal ttraniactio&s, 1809. t 74 Ann. de Chim. 99. 
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(/ ) Nitrte acid aets wMh much greater vMeoce on palhidiiun* 
It oxidizes the metal with somewhat more difficulty than silver; apd« 

S' dissolving the oxide, forms a very beautiful red solution* During 
is process no nitrous gas is disengi^d. Nitrous acid has even a 
more rapid action on palladium. From these Bolutions». potasb 
throws aown an orange coloured precipitatei which is probaUy a 
hydrate. 

(g) Muriatic acid, by being bcHled on palladium, acts upon it, and 
acQuires a beautiful red colour. 

(h) But the true sotvent of palladium is nitro-^nuriatio acid, whkk 
acts upon the metal with great violence, and yields a beautiful red 
solution. . 

(i) From all these acid solutions of palladium, a precipitate may 
be produced by alkalies and earths. These precipitates are mostly 
of a fine orange colour; are partly dissolved by some of the alkalies; 
and that occasioned by ammonia, whu^n thus re-dissolved, has a greeUr 
ish blue colour. Sulphate, nitrate, and muriate of potash, produce aa 
oranffe precipitate in the salts of palladium, as in those of platinum; 
but &e preci{Htate& from nitrate of palladium have generally a deeper 
dhade of orange. All the metals, except gold, platinum, and ailvei^ 
cause very copious precipitates in solutions of palladium. Recent 
muriate of tin produces a dark orai^ge or brown precipitate, from 
neutralized s|ilts of palladium, and is a very delicate test of this me- 
tal. Green sulphate of iron prei^ipitates palladium in a metalfic 
atate; and, if the experiment succeeds, the precipitate is about equal 
in weight to the palladium employed. Prussiate of potash causes an 
olive-coloured j^recipitate. The prussiate of palladium, separated by 
a neutral solution of prussiate w mercury, has ihe propertj, when 
heated to about dOO^ of Fahrenheit, of detonating, with a notse simU 
iar to that occasioned by firing an equal quantity of gunpowder. Hy- 
drosulphurets, and water impregnated witii sulphuretted hydrogen 
gas, occasion a dark brown sediment from solutions of palladium. 

(fc) Palladium readily combines with other metals. It has the pro- 
perty, in common with platinum, of destroying the colour of gold, 
even when in a very small proportion. Tlius one part of platinum, 
or palladium, fused with six of gold, reduces the colour t£ the gold 
nearly to that of the white metal employed* 

Dr. Wollaston has furnished an alloy of gold and palladium for 
the graduation of the ma^ificent circular inatrument, constructed bj 
'Mr. Trough ton, for Greenwich observatory. It has the appearance of 
platinum, and a degree of hardness, which peculiaFly fits it for 
ceiving the graduations. 



SECTION VI, 
Iridium and Osmium. 

WsBw the ore of platinum has been submitted to the action of nU 
tfo-mnriatic acid* a part remaina ondissobred, in ttie iform of a Uack 



poirdert i^seinUiDg pi^mtM^o.^ In this sobst^nc^^ Mr. TennantJiaa 

lately dificovered two new metals. The process, which he emplpyed 
io s^arate them, was the following: 

* I. 1. The powder was fosed in a silver Ccucible with pure soda, 
and the alkali then washed off with water. It had acquired a deep 
orange or brownbh yellow colour, biit much of the powder was undis* 
9olve(r. The residue was digested in muriatic acid, and a dark Une 
solution obtained, ^ii4neh afterwards became of a dusky olive^reen; 
nxnit finally, by continuing the heat, of a deep red colour. Sy the 
aHemate action of the acid and alkali* the whole of the powder ap« 
peared capable of solution. 

2, The ail^aline solution contained the. oxide o£ a vdatile metal 
aot yet described ;. and also a small portion of another metal. When 
the solution was kept some weeks, the latter metal separated spon- 
taneously in thin dark-coloured flakes. The acid solution contained 
both metals also; but principally one, which is not altered by muriate 
of tin; is precipitated of a dark brown colour by pure alkali; and * 
wluch exhjoits, during solution in muriatic acid, a striking variety of 
eolonns, ariaing from variations in its degree of oxidation. From this 
property Mr. Tennant terms it iridium, llie proportion of oxygen 
in its onde still remains to be determined. 

3» In ordor to obtain muriate of iridium, free from the other metal, 
the acid solution (£) was evaporated, and an imperfectly crysti^lized 
mass obtained; but this, driea on blotting-paper and again dissolved 
and evs^pprated, gave distinct octahedral crystals. The watery solu* 
tion of these crystals had a deep red colour, inclining to orange. With 
infusion of galls no precipitauon ensued; but the colour idmost in*> 
0tantly^sappeared» Munate of tin, carbonate of soda, and prussiate 
of potash, haa the same effect Fure ammonia precipitated the oxide, 
but retained a part, and acquired a purple cwour. All the metals, 
cicept ^old and platinum, precipitated iodium of a dark colour from 
the munate, which had lost its colour. 

4. Iridium was obtakied pure by heating the muriate, which expelled 
both the acid and the oxygen. It was of a white colour, and perfectly 
infusible. But Mr. Ghil£en has since fused it by his immense galva^ 
nic battery into a metallic fflobole, which was white, very brifliant, 
and, thougn porous, had the nigh specific gravity of 18.68.* It did 
not combme ^ih sulphur or arsenic. X<ead united with it, but was 
separated by cup^llation. Copper, silver, and gold, were severally 
fouud to combine with it, and it could not be separated from the two 
latter by cupellation with lead. Its other properties remain to be 
examined. 

II. 1. Osmiium was procured in the state of an oxide, by simply 
distilliii^ the alkaline solution, otrtained as already described (I. 1.^ 
along With any acid. It was evea found to escape^ in part, when 
water was added to the dry alkaline mass remaining in the crudblei 
and was manifested by a puneent and peculiar smell, somewhat te* 
tttmbUng iimi of chlorine ff^t from which property its name has been ^ 

. * i%a, TwBs. 1815, p» 3r&. 
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dkrired. The ^aterjr tsoloHoD of oxide of osnribm is witimot ^(smp, 
httving a sweetish taate, and the strong smell already altoded tcK 
Another mode of obtaining, still more concentrated, the oxide of oa- 
mtom, is bj distillitig the original black powder with mtr^ A solu* 
tiott of oxide of osminm in water is found in the receiver, of suck 
strength as to give a stain to the skin that caimot be ei&ced«^ The 
most striking test of this oxide is an infiision of galls, wtiich presently 
becomes of a purple cokmr, and afterwards ehanges to a d^ep^ vmi 
l^ne. With pure ammonia, tlie solution biscomessom^^hat yellowy 
and sli^tly so with carbofiafte of soda* With alcohol,' or stiH more 
quickly with ether, it acquires a dark colour, and, after* some timey 
^eparab^s in the form of black films. 

M« Laugier having observed that nitro^nuriatic add, which has 
been employed to dissolve platinum, emits a stroneodour of osmium, 
distilled the liquor, and saturated the product wim quicklime; after 
which, by again distilling tiie liquid, he obtained a quantity of os-^ 
mium sufficient to repay the trouble of the process.* 

S. The oxide of osmium, the precise compoMtion of which is vat* 
known, gives up its ox^rgen to all the metals, excepting gold and pla^ 
ftum. When its solution in water is shaken with mercury, the s<ria^ 
tion loses its smell; and the metal, combining with the mer<mry, 
forms an amalgam. From ,^is, much of tlie redundant mercury may 
be separated by squeeziaig it through leather, which retains the amat 
gam of a firmer consistence. The mercury being distilled off, the 
osmium remains in its metallic form, of a dark ^ey or blue colour. 
By exposure to heat, wkh excess of air, it evaporates with its usual 
Smell; but, if oxidation be effectually prevented, it does not seem iii> 
any degree volatile. Being subjected to a strong ^hite heat, in a ca» 
vity made in a pieciie of charcoal, it is not melted, nor does it ttndeigo> 
any chai^. With ^Id and silver it forms malleable alloys. These 
are easily dissolved in nitro^muriatic acid; and by distillation give 
the oxide of osmium with its usual properties. 

3. The pure metallic osmium, which had been previously heated« 
does ndt seem to be acted upon by acids; at least no effect is pro- 
ceed by boiling it some time in nitro-muriatic acid. By heating it 
in a silver cup with alkali, it immediately combines with the alkali, 
isA this compound gives with water, ayellow solution, similar to that 
from which it had been procured. From this solution, acids expel; 
the oxide of osmium, having its usual smell, and possessing the pro- 
petty of changing to a vivid blue the infusion of gallsi 

Besides the black powder feom which osmium is obtained. Dr. Wat- 
laston has discovered a separate ore of these two metals, mixed with 
Hie grains of crude platinum. The specific gravity of this ore is about 
19»5, and therefore exceeds that of crude platinum itself, which is 
•Illy IT J* The grains are about the size of those of crude platinum^ 
bat are ^considendbly harder; are not at all malleable; and appear to 
consist of lainin«»jpossessing a peculiar lustre. 

The discovery of Mr. Tennant, if it had requtf ad any coBfiiaiation> 

• 89A9awde.€bidtp.l91. 
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SECTION Vtt. 

Copper. 

C6p^£r, accorditig to Setzelitis, as it is fbimd in commerce, is al- 
ways contaminated with a little charcoal and sul{)hury amounting to 
about one half of a strain in 100 grains. Lead, antimony, and arsenic 
are also occasionally found in it"^ To fit it for the purposes of 'accu-» 
racy, it may be dissolved in strong muriatic acid; and, after adding 
water, may be precipitated from the solution by a polished plaite o? 
iron. The metal, thus obtained, should be ^shed^ first with dilutcfij 
muriatic acid, and theii with watef, and may either be fused, or kept 
in a divided form. 

Copper is a metal of a* beautiful red colduff, and admits of a consi- 
derable degree of lustre. Its specific gravity varies with the opera- 
tions to which it has been Subjected. £eWis States it' at 8.830^ Mr. 
Hatchett found that of the nnest granulated SWedtsb copper to be 
8.895; and Cronstedt states the spiecific gravity i»fVapan copper at 9. 

It has considerable malleability, and maybe hammered into very 
thin leaves. It is, also, very ductile; and may be drawn into wire* 
which has great tenacity. 

At 27® Wedgwood, copper fuses, and by a sufficient increase and 
continuance of the heat, it evaporates in visible fumes. 

I. 1. Copper is oxidized by air. This may be shdwil by heating 
one end of a polished bar of copper, which will exhibit various shades 
of colour, according to the force of the heat 

A plate of copper, exposed for some time to heat, becomes coveretf 
with an oxide, wnich breaks off in scales when the copper is ham- 
mered. It is composed of 62 of the black oxide and 38 copper. This 
Oxide, when exposed on a muffle, is farther oxidized, and assumes a 
deep red hue. Copper is also oxidized by long exposure to a humid 
atmosphere, and assume^ a green colour; but the green compound 
holds carbonic acid in combination. The oxides of copper do not re- 
torn to a metallic State by the mere application of heat; but require, 
for tiidr reduction, the admixtute of inflammable matter. 

^ Copper does not decompose water, which may even be trans- 
mitted, in vapour, through a red hot tube of this metal, without de- 
composition. 

3. Copper is susceptible of only two d^;rees of oxidizeme^t; in 
its lower stage the cpmpoolMt is iied; when oxidated to the maximum, 
it is black. - .... ^ 

- * 47 PfaU^'Mag. 20Qi 



Th^ Uadc i^pemmde m$j be obi^ed» eifter by cikiiniir Aie 
scales of copper, which have already been alkded to, under a ouiffle; 
or by decomposing sulphate of copper b]^ carbonate of potad^.apd ig- 
niting the precipitate; or by the simple ignition of the nitrate of cop- 
per* It is composed of 

Copper ..... 80 ...... 100 V. 

Oxygen ..... 20 .*. ... . 25 

100. 

To prepare the jTTofcm^ Mr. Chenevix recommends the foUowmg 
process. Mix together 57i parts of black oxide of copper, and "50 
parts of metallic copper precipitated from the sulphate on a» iron 
plate. Triturate it m a mortar, and put it with 400 parts of muriatic 
acid into a phial, which is to be well stopped. The copper and its 
oxide will be dissolved with heat. When potash is poured into 
this solution, ,'the oxide (or rather hydrated protoxide) of copper is 
precipitated of an orange colour. This oxide, when depriyed of 
water, becomes red; but it attracts oxygen so strongly that it can 
scarcely be dried without absorbing more. It is composed of 

Copper ... . . . 88.89 .... 100. 

Oxygen . . . . . 11.11- , . . . 12.5 

■ ■! ■ « I I II* ■ I 

100. 

II. Copper eombines with strong sulphuric acid, in a boiling heat^ 
and aflfbrds a blue, salt, called sulphate of copper. In this process, 
part of the sulphuric acid is decomposed, tind furnishes oxygen to the 
metal which is dissolved. It is, tlierefore, better, in preparing sul- 
phate of copper, to use the oxide obiuned by calcining copper scales 
with free access of air. (a) Sulphate of copper is a regularly crys- 
tallized salt, easily dissolved by water, (b) The solution is decom- 
posed by pure and carbonated alkalies. The former, however, re- 
oissolve the precipitate. Thus, on adding pure liquid ammonia to a 
solution of sulphate of copper, a precipitate appears, which, on a far-- 
ther addition of the alkali, is re-dissolved, and affords a beautiful 
bright blue solution, (c) The sulphate of copper is decomposed by 
iron. In a solution of this salt immerse a polisned plate of iron. The 
iron will soon acquire a covering of eppper in a metallic state, {d) It 
gives up its acid on the application of heat, without decomposition; 
and an oxide of copper remains in the retort (e) It is composed, 
accordiiig to Proust, of ' 

Copper 25.6 5 fornun^ > «a 
Oxygen 64 /black oxide J 
Buipnuric acid . • . • 32 
Water • . 36 

« 

100 



Ei^clttttvie of waler of cFjmbUiauitioiiy )Berzet)Qd>* from his own nxa^ 
lysis, states its compositioQ at 

Peroxide of copper , . 50^90 . . . 103.66 
Sulphuric acid . . . 49.10 . . m 100. ^ 

100. 

^ Proust described a suhgidphateof copper^ formed bj addine solo* 
tion of potash to a solution of the atM)ve sulphate. Berzelius prer 
pared it bj the cautious additioli of ammonia, and found it, on anaij« 
BIS, to he composed of 

Peroxide of copper . . . , '60 . . * 100 
Sulphuric acid ...... ^ •• • 25 

Including its water of condAHtion, ftie subsulphate consists of 

Sulphuric acid . • * • . 21.28 
Peroxide of copper • .. • 64^ 
Water ........ 14.50 

100. ,^ 

No sulphate of the protoxide is yet known ; for when sulphuric 
acid is brought into contact with the protoxide, one half of the oxide 
gives up it^ oxygen to the other half, which thus becomes peroxide 
and unites with sulphuric acid. 

StUphite of copper may be obtained by transmitting a current of 
sulphurous acid g^, (which has been first passed through a small 
quantity of water, in order to deprive it of sulphuric acid) into a rei^ 
sel containing water and peroxiae of copper. A green liquid is fonli- 
ed, which contains sulphite of copper, with a large excess of aeid; 
ai^d sulphite of copper, in very small red crj^stals, remains at the bot- 
tom of the vesseL This salt ha»been investigated by Chevreul;!' and 
found to consist of 

Protoxide of copper % . . 6S.84 
Sulphurous acid * . • • 36.16 

^ 100. 

m. Copper exposed to a damp air rusts, vai becomes covered 
mthBiib<«rbo|iat9 of copper. The same compound is still m»>Ee rea^ 

• 77 Ann, de Chim. 
t M Ami. de Chim. m. 
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4ttjr fMXKlaced kf idilfaiig eaitHHiftted idfadjes to tUe s(AiitiMM cf co|»- 
per. The nitrate of cq)per, precipitaiied bj carbonate of liani^ i|f- 
fords a blue precipitate, called F<^<fifer. Thi» substance is nearly 
allied to the native bbie .carbonate in the natmne and pi«portion of its 
ingredients. It consists of 

Water ..•••... 5.9 

Carbonic acid . •' • . « ^,1 

Pei^iideofcepper , . . . ^r.€ - 
Moiatare and impttrities . « ^ • 

100.» 

' • I ' ■ ' . - 

, Berzelius observes that aubcarbonate of copper difibrs greatly ifi 
appearance when precipitated from a cojd and from a hoit solution. 
In the latter case its colour is yellowish green ; in tiie former, it Is 
bluish green, and much more bulky. It is composed of 

Peroxide of copper . . • . 71.7' 

Carbonic acid IQ.^ 

Water ........ 8.6 

100. 

rV. Copper dissolves readily in diluted nitric acid; and nitrous 

K, holding a little copper in solution, id evolved in great abundance. 
e solution at first is green and muddy; but \xj degrees, a yellow 
{Nrecipitate falls to the oottom, and tlie liquid becomes transparent 
and blue. By evaporation, it yields a salt, which has the property of 
detonatii^ with tin. When to the solution of this salt, or of any 
other salt of copper, a solution of potash is added in sufficient quan- 
tity, a blue powder is precipitated, consisting of the per-oxide oi cop- 
Mr combined with water. This substance has been called by Proust, 
irdrate of copper; but, more properly by Mr. Chenevix, hydro-oxide 
Oi cf>nper. Avhei^ collected on a filter, and dried at a heat below 
that of boiling wateo it shrinkf somewhat like alumine ; but still re- 
tains its colour. At a higher temperature it is decomposed, its water 
being dissipated, and the black oxide only remaining, in the propor- 
tion of 75 parts from 100. This oxide cannot be brought to combine 
with water a^in by meriely moistening it. 

Nitrate oFcopper is decomposed, but not entirely, by carbonated 
alkalies; for, after their full enect, Berzelius found that a precipitate 
is still occasioned, by adding water impregnated with sulphuretted 
hydro^n. 

Thia a^t is eonstitnte^y accordjyo^ to BerzeUtt3, of 

* R. Phillips, Jouip. of Science^ iv. 279. 
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Perox^e of copper . . • • 6r.S2 
t jlNitrle^acid 32.78 

A sub*nttratei>of '.«t>pper is, also, described by the same chemist.^ 
It may be o(^^^ either by carefully heating the nitrate; ^or by 
adding a small proportion of potash or ammonia to its solution. " 

V. Concentratea and boiling muriatic acid acts on finely divided 
copper ; and a green solution is obtained. In this salt the copper is 
oxidized to its maximum, and the salt may,* therefore, be called, for 
the sake of brevity, j7erm«riate of copper. It is very soluble in water, 
and generally deliquescent By careral evaporation and cooling, the 
salt crystallizes in rhomboidal prismatic parallelepipeds, which are 
readily soluble botli in water and alcohol. It is composed, as Proust 
hassUted^of 

Black oxide of copper . .... 40 

. Muriatic acid £4 

Water ^ . . / . 36 

100 

Exclusive of water, Berzelius atates its composition to be 

Peroxide of copper . • • . . 59 fi 
Muriatic acid . 40.2 

' 100. 

The watery solution of muriate of copper forms a kind of sympa- 
thetic ink. Characters written, with it become yellow by warming, and 
again disappear when the paper cools. 

By digesting a solution of per*muriate of copper with filings of the 
metal, .it is converted into a muriate of protoxide or pro-muriate; 
the fresh portion of copper beinc oxidized at the expense of what was 

Creviously held in solution. The solution of this salt is precipitated 
y merely pouring it into water. By exposure to air, it acquires 
oxygen, and b Converted into the per-muriate. Alkalies throw down 
an orange precipitate. It consists of 

Copper 65.80 C forming \ raoft 
Oxygen 8.08 ^ sub-oxide i ^^'^ 
Acid • . . . 26.1ft 

100. 
* 83 Ann. de Chim, 350. 
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Br the combustion of copper in chlorine gas, tnro compojands are 
produced at the same tiine» one of which is a fixeiliratfiy tusibie sub- 
stance, resembling common rosin; the other a yeiiowish sublimate. 
The first, compost of 60 copper and 33.5 chlorine^ and called by Sir 
H. Davy cuprane, but more properly named protochloride of copper, 
is insoluble in nater, but becomes green by ejcposmrojto the atmos- 
phere. The second, called euptama, or perchltAiM^p copper,, dls* 
solves in water,, and gives it a greenish colour; and is composed of 
60 copper to 67 chlorine. Its solution is identical with perouiriate of 
copper; for even though it be admitted, according to the view of Sit 
H< t>avy, to be, when solid, a compound of chlorine and metallic cop* 
per, yet during the solutinn it will decompose water, and become « 
true muriated oxide of copper. 

VI. When corroded by long continued exposure to the fumes of 
vinegar, copper is converted into vei'degrist^-^The verdegns of consh* 
merce is composed partly of an acetate, soluble in water, and partlj 
of a sub-acetate which is not soluble in water, consisting of 63 per- 
oxide + 37 acid and water. By solution in distilled vinegar and 
evaporation, a salt is obtained in regular crystals^ which are completely 
soluble in water, and which consist of 39 peroxide and 61 acid and 
water. — ^These, distilled alone, yield concentrated acetic acid, and a 
combination remains in the retort, containing, in 90 parts, 

4*50 charcoal 
78.66 copper 
6.84 oxygen 



VII. When the muriate of copper is mixed with a solution of prus- 
state of potash or of lime, a beautiful reddish brown precipitate of 
ferro-prussiate of copper is obtained, which has been recommended 
by Mr. Hatchett as a pigment Tincture of galls throws down, from 
ail the solutions of copper, a dull yellow precipitate. 

VIII. Copper combines with sulphur. When a miicture of three 
parts of'the metal, in the state of fine filings, with one part of sulphur, 
is melted in a glass tube, at the moment of combination, a brilliant 
inflammation ensue3, exceeding, in brightness, that produced by the 
fiisionof iron and sulphur. - - 

Copper leaf, Ber/.elius observes,* burns in gasemis sulphur, as bril* 
liantly as iron wire in oxygen gas. A compound is formed, precisely 
analogous to the native sulphuret of copper, and composed of 

' Copper 80 100. 

Sulphur 20 25.6 



100 125.6 

* 79 Ann. de Chim. 350. See also Ysmquelin on the Artificial Sulphuret of 
Copper, butf. 265. 



Dobereiner, bj pdtssing sulphuretted hydrogen through a solution 
of copper, ob^inea a precipitate composed of two parts by weight of 
sulphur and one of copper; and by boiling peroxide of copper with an 
alkaline hydrosulphuret, a dark name yellow compound was formed» 
consisting of equal weights of sulphur and copper.* 

Copper unites, by fusion, with phosphorus. The phosphuret is white, 
brittle, and of the specific gravity r.lS^, Tlie analysis of Pelletier 
gires 20 per cent, of phosphorus. 

IX. Ammonia reaaily dissolves the oxides and hydro-oxides of 
copper. Nothing more is necessary than to digest them together in a 
phtal. The solution has a beautiful deep blue colour. By evaporation 
m a very gentle heat, fine blue silky crystals may be obtained. 

X. Copper combines readily with most of the metals, and affords 
several compounds, which are of great use in the common arts of 
life. Tutenag is a white alloy of copper, zinc, and iron. Copper with 
about a fourth its weight of lead forms pot-metal; with about the 
same proportion of ztnc, it composes brass, the most useful of all its 
alloys. Mixtures of zinc and copper form, also, the various compounds 
of Tombac, Dutch Gold, Simiwr, Prince RuperVs Metal, Pinchbeck, 
&c. Copper with tin, and sometimes a little zinc, forms bronze, and 
bellnnetat, or gun-metaL And when the tin is nearly one third of the 
alloy, it is beautifully white, and takes a high polish. It is then called 
speculwm-^netal. Copper may, also, be alloyed with iron; but the com* 
pound has no Useful properties.t 



SECTION VIII. 

Iron, 

Iron has a bluish white colour, and admits of a high degree of 
, polish. It is extremely malleable, though it cannot be beaten out to the 
.same degree of thinness as gold or silver. It is much more ductile, 
however, than those metals; for it may be drawn out into wire as fine 
as a human hah-; and its tenacity is such that a wire only 78-lOOOth 
of an inch in diameter is capable of supporting a weight of nearly 
550 lb. Its specific gravity varies from 7.6 to 7.8. 

Iron is one 6f the most mfusible of the metals. Its melting point is 
about 158° of Wedgwood. Its chemical properties are the tollowine: 

I. 1. When exposed tp the atmosphere, especially when the jur is 
moist, it slowly combines with oxygen, or, in common language, rusfs. 
If tlie temperature of the metal be rsu^ed, this change goes on more 
rapidly; and, when made intensely hot, takes place with the appear- 
ance of actual combustion. Thus the small fragments, which fly 
from a bar of iron during foi^ng, undergo a vivid combustion in the 

* Thomson's Annals, z. 148^ 
t 49, Phiktf. Msgtzine, 107. 
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atmosphere; and iron filing, projected upon t^e blaze of a torch, 
burn with considerable brilliancy. The oxiae, obtained in these ways, 
is of a black colour, and is still attracted by the magnet. 

The same change is more rapidly produced, when ignited iron is 
brought into contact with oxygen gas.' A vivid combustion happens, 
as already described in the chapter oA that gas. Lavoisier made many 
experiments to ascertain the increase of weight, acquired by the iron, 
and concluded, that on an average, 100 parts of iron condense^from SS 
to 55 parts of oxygen. Dr. Thomson, however, on repeating ^e exp^ri* 
ment several times, did not find that 100 parts of iron absorbed mor^ 
than 97',5 of oxygen; but he observes, that it is almost impossible to 
collect the whole product; and that minute portion^ are dissipate 
in sparks.* ' 

£. By contact with water at tlie temperature of the atmosphere, 
iron becomes slowly oxidized, and hydrogen gas is evelvedl When 
the steam of water is brought into contact with red-hot iron, the same 
change is produced with much greater rapidity; the iron is converted 
into the black oxide; and a large quantity of hydrogen gas is set at 
liberty, and may be collected by a proper apparatus. The iron is 
found to have lost all its tenacity, and may be crumbled down into a 
black powder, to which the name of jinery cinder was given by Dr. 
Priestley. In composition, it does not appear to differ from the 
oxide OT iron obtained by the action of atmospneric air, and is strongly 
magnetic. By a careful repetition of the process, Dr. Thomson found 
that 100 grains of iron, ignited in c<^tact with the vapour of water, 
acquire 29.1 grains of oxygen. 

3. When iron is dissolved in diluted sulphuric acid, the acid is not 
decomposed ; but the metal is oxidized at the expense of the water, 
and hydrogen gas is obtained in abundance. Now as water is com- 
posed of two volumes of hydrogen and one of oxygen, a quantity of 
oxyeen, equal in volume to halfthe hydrc^ngas obtained, must have 
combined with the metal; that is, for every 200 cubic inches of hydro- 
gen, oxygen equal to 100 cubic inches or 83.8 grains, must have united 
with the metal. Dr. Thomson, from an experiment of this kind, cal- 
culated that 100 grains of iron, after the action of dilute sulphuric 
acid, had gained 27.5 of oxygen. It is to be considered, however, that 
the purity of the iron employed will materially affect the result; for 
if the iron contain charcoal, as is always the case, carburetted hydro- 
gen gas will be mixed ^ with the hydrogen; and the hydrogen in this 
gas being in a condensed state, the apparent will be less than the real 
quantity disengaged. 

Iron, by the different processes which have been described, is con- 
verted into an oxide, of a black colour, and still retaining the magne- 
tic property. Its composition has been the subject of a series of ex- 
periments by Bucholz, who concludes that 100 parts of iron, to be- 
come the black oxide, condense 29.88 parts 6f oxygen; Dr. WoUastoa 
assumes the oxygen to be 29 parts, anci Doberejner makes it 30. Ber- 
zelius's determmation differs but little from these, viz* 

• 27 Nil*. jQuni. 38X. 
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IRON, 



S5 



Black oxide ( ii^n . 
or protoxide i Oxygen 



77.Q2 
100. 



lOP. 
129.5 



Wheathe oxide of iron, which has just been described, is dissolved 
in nitric acid ; then boiled for some time; and, after being precipitated 
by ammonia, is washed, dried, and calcined in a low rea< heat, it is 
found to be converted into a red oxide. This, according to Bacholz, 
is composed of 100 parts of iron and 4^ of bxysen; to Dobereiner of 
100 iron and 45 of oxygen ; or according to Dr. Wollaston of 100 me- 
itl and 43.5 oxygen; but Berxelius states its composition as follows: 



Red oxide 5 ^^^^ • • ^9.34 
or peroxide ^Oxygen . 30.66 

100. 



100. 
44.25 



The existence of these two oxides, and the proportions of their in- 
gredients, at somewhere near 30 and 45. oxygen to 100 iron, are 
clearly, established. But besides these, it has been attempted to be 
proved that there is another oxide of iron.* Thenard cmitends for a 
compound, containing less oxygen than the black oxide, viz. 25 
parts to 100 metal; a second composed of 37.5 oxygen*to 100 me- 
tal; and ,a third of 50 to 100 metal. And Gay Lussac, also, sup- 
ports the notion of three oxides with proportions,, however, diflTering 
from those of Thenard. Tlie first is that which is obtained by dissolv- 
ing iron in diluted sulphuric or muriatic acid, out of thc^ contact of 
air. It is precipitated white by alkalies, and by ferro-pru3siates, and !$ 
composed of 100 iron and 28.3 oxygen.. The second is obtained 
when iron is oxidized by the vapour of water or oxygen gas, and 
consists of 100 iron and 57,8 oxygen. The third is the acknowledged 
red oxide, which is composed of 100 iron and 42.31 oxygen** It is 
probable, however, that the only- known oxides are the two, the com- 
position of which has already been stated on the authority of Bucholz, 
< Wollaston^^and Berzelius; and that the new oxide of Gay Lussac is, 
as Berzelius thinks, a compound of the black and red oxides. 

There appear to be two hydrates or hydro-oxides, corresponding to 
to these two oxides of iron, which are obtained whenever we precipi- 
tate their respective solutions in an acid, by a fixed alkali. The hy- 
drate of the black oxide is ^white, with a tinge of olive or green ; that 
of the red oxide is orange coloured. The former hydrate passes to 
- the latter, by exposure to the atmosphere. Ochre, it has been shown 
by Leidbeck, is a native hydrate of the red oxide, mechanically mixed 
with earthy ingredients; but, exclusively of them, composed of 20.2 
to 25 water, with 60 to 62 oxide of iron.t The preparation of a pure 
hydrate of iron was found by Berzelius to be attended with great 
difficulty. ^ 

• 80 Ann. de Chim. 163, and 1 Ann de Chim. et Phy«. 33. 
t 80 Ann. de Cliim. 163. . 
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It raaj be remarked, on comparing the comi>osition of the two ox- 
ides of iron, that the oxygen oi the red is not a roultiplicatioii of that 
of the black oxide bj an entire, but bj a fractional number; for 29.5 
X 1 j » 44.25. This anomaly, as was observed in the account of 
the^ principles of the atomic system, is best got over bj multiplying b^ 
2 die numbers (1 and 1 }), expresring these proportions, which wili 
make tlie ratio ol' £9.5 to 44JZ5 the same as that of 2 to 3. We are 
thus, however, led to the supposition, that there is an oxide inferior 
to the black oxide in its proportion of oxygen; and which, from theo- 
ry, should consist of 100 iron and 14.75 ox^rgen. The black oxide 
contains a quantity of oxygen, which is a multipKcatioQ of l^J5 by 2, 
and the red by S. ^nd if the supposed protoxide be constituted of a|^ 
atom of metai and an atom of Qxygen, the weight of the atom of iron 
will be about 50, for as 14.75 to 100 so is 7^ to little more than 50. 
Dr. l*homson, in an Essay on this subject, has argued that the perox- 
ide of iron is a compoii^nd of 2 atoms of base + S atoms of oxygen, 
the protoxide being a compound of 1 atom of each of those bodies.* 

Until this difficulty is cleared up, we may, however, giye the name 
of protoxide to the black oxide of iron; and the red compound of 
iron and oxygen may continue to be called the peroodde. 

II. Whenever diluted sulphuric acid is made to act on iron, we oboiin 
a compound of thatacid with the protoxide. The solution, by evapo- 
ration, yieUp crystals, which have a beautiful green colour, and the 
shape of rimmbic prisms, not of rhomboids, as is sometimes repre* 
sented.t They have a strong styptic taste; redden vegetable blue 
colours; and are soluble in about two parts of cold and Uiree-fourths 
their weight of boiling water. The solution is precipitated of a green- 
ish white by alkalies, and white by pi:ussiate of potash. The crystal's, 
when distilled, are decomposed, and yield a strong fuming acid, called 
glacial sulphuric acid. The acid, in this salt, is to the oxide, in the 
proportion of 100 to 88, and it is composed, according to Berzclitis, of 

Sulphuric acid 28.9 

Protoxide of iron .... 25.7 
Water 45.4 



100. 



When a solution of green sulphate of iron is heated with access 
of air, part of the protoxide passes to the state of peroxide, and, com* 
bining with a portion of acid, falls down in the form of a yellow- 
powder, which, according to Berzelius, is a sulphate of the peroxide 
with excess of base, or a sufhsulphate* The acid in this compound is 
tb die base, as 100 to 266, and it is therefore composed of 

Sulphuric acid 27.33 

Peroxide of iron • • • . 72J7 



loa 

* Amials ofPhiL z. 102* f lb. xi. 284. 
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Otber mdfriiates ynA bas^ of pecoxide ^ iron have been iht^* 
f^ted by Dr« Thom^oii,* but no sulphate of protoxide with eacess of 
add is jet known. 

The lartber oxidation of the iron in the green sulphate is effected 
more expeditiously by boiling its solution with some, nitric acid, and 
evaporatiDg to dryness, care being taken not to nuse the heat so as 
to «xp^f the sulphuric acid. Water, added to the residuum, dissolves 
a salt, which is composed of 8ul{^uric acid and peroxide* The boW* 
tion has a yellowish colour; does not afford crystals; but when eva- 
porated to dryness, forms a deliquescent masd, which is soluble in al* 
cohel, and may thus be Sjeparated from the green sulphate. Its sola* 
tion affords a blue precipitate with ferro-prussiate of potash. This 
salt has been called, but not with strict propriety, aahf-sudphate. Its 
legitimate name would be sulpkate of peroxide of irons but, as this 
is inconvenient from its length, it may be called the red rndphate. of 
iron* It consists, according to Ber^elius, of 



Sulphuric acid • 
Peroxide of iron 



60.44 
39.56 

100. 



100. 
65.5 

165.5 



The sulphurous acid, also, unites with iron and forms a sulphite; 
and this sulphite, taking an additional quantitj^ of sulphur, composes 
a sulphuretted sulphite. The precise composition of these salts re- 
mains to be determined. ^ 

III, Nitric acid, in its concentrated state, scarcely acts upon iron, 
kmt, when diluted with a small quantity of water, it dissolves iron 
with great vehemence; and with the extrication of a large quantity of 
impure nitrous gas. The solution, at first, is a deep green, but when 
nearly saturated assumes a red colour. It is not crystallizable, bu^ 
when evaporated) forms a deliquescent mass. 

The nitrate of iron, it was long ago shown by Sir H. Davy, may 
exist in two different states, the green nitrate in which the oxide is 
at the minimum of oxidation, and the red, in which it is at the max- 
imum. 

To obtain nitrate of iron, in which the oxide is at the mth«mum, 
acid of the specific gravity of 1.^5 or less must be used; the iron 
must be added in large pieces, and at distant intervals ; and the ope- 
ration carried on without the acceds of air. When this solution is 
made on a large scale for the purposes of the dyer, it is proper to con- 
nect the vessel, in which it is prepared, with a large receiver; fir, in 
the latter j a quantity 6f nitrous acid will foe found, which is worth the 
Rouble of collecting. Nitrate of itea, thus pepared, nassesy on^eiH 
posure to the atmosphere, t6 the state of that in which tne oxide is at 
the maximum. The composition of these two nitrates ftias not yet 
been accurately determined. 
ly. Muriatic acid dissolves iron and its oxides with great ease ; 
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and affords two distbct salts, diflMnfi^ from e#ch other s^corduiff to 
the state of 6xldation of the metai. The muriate containiB^ the wxh 
oxide is green, and that containing the oxide at the maximum red. 
Both these salts are deliquescent, and cannot be brought to crjs^ 
tallize. • 

The green muriate is convertible into tlie red by simple exposure to 
the atmosphere* Berzeiius describes an interestijig expenment found- 
ed on this property. If a solution of the green muriate be exposed to 
the atmospnere, in a tall cylindrical glass jar, for some days, and a 
few drops of pure ammonia be introduced at different depths by 
means of a tube, the precipitate formed near the surface will be 
green; a little lower blue; still lower greyish ; then of a dirty white; 
and at tlie botton^ perfectly white, if time has not been allowed for 
the atmospheric oxygen to penetrate so low. 

^ When tlie solution of green muriate is evaporated dry, .and tlie re- 
siduum is heated to redness, a compound is obtained which, accord- 
ing to Dr. Jolin Davy's experiments, is composed of iron and chlorine. 
During ignition, the oxygen of the oxide and the hydrogen of the mu- 
riatic acid, are supposed to unite and form water, while the chlorine 
combines with the metal. The compound^ termed by Dr. Davy fer^ 
rane, is the protochlorid^ of iron* It consists of 

Chlorine ..... 53.2 . . . . • 100 
Iron ' 46.8 ..... 88 



100. 188 

When iron wire is burned in chlorine ^as,a substance is formed of 
a bright yellowish brown colour, and with a high degree of lustre ; 
volatile at a temperature a little above £12°, and crystallizing in small 
iridescent plates. It acts violently on water, and forms a solution of 
the red muriate. This is the pi^rchloride of iron. It is composed of 

Chlorine .... 66.1 . ... . 100. 
Iron 33.9 5^.5 



100. 151.5 

V. Iron may be united, in the way of double elective affinity, with 
the ferro-prussic acid.*^ Thus, when ferro-prussiate of potash and 
iron and sulphate of iron, both in solution, are mixed together, the 
ferro-prussic acid and oxide of iron quit their former comtunations 
and unite together. The beautiful blue precipitate is ferro-prussiate 
of iron. 

(a) Ferro-prussiate of i,'*on is nearly insoluble in Water, 

lb) It is not soluble in acids. 



* The piQssic acid and ferro-pnissic acid (or fen^retted. chyazic acid of 
^. Porrett) wili>e described in t}&e chapter oil Animal Substances. 
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(e) It is'AM^Miijniiil bjr a red heal; tbe ferro^prtuwk aeidHbebg de- 
stmyed, and aa axide o( ifmi remamnfi 

I (a) It is ^lecnapesed \iff pure ay^alM and eartha, wliich abstract 
the feiT(>*priis8iciM!idj;aiia leave tlMi iran in the state of peroxide. 
Thtts^iwbmi pare potash is digesM^tk feFrot-praaaiate ot irea^ its 
beaatifo} blae coldar diMppears, and wfe eMaia a camhiaalion of pot- 
ash. and faim^raasie acid. It |mhi been eoaaidared as a triple com- 
pottiriofrbnttflic acidi,{Mtadi« ^iid iraiif.lwt, aecording to the new 
miN^eC Mr. Fonps*l;.k b> a binapj-eanpeaiid of Jenro-prosatc acid 
and peroxide of iroo* • . - 

Ii'Mr. Pikretthas^aaeeetetBdl kaeaiiiporitioa lO'lia'ia felbws: 
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S4A9 **MaSfc^Al' k T^^"^^"8 ferr^-prussic. acid . . . 53.38 

Peroxide c^ iroii servingiM a base «' • • • . . . 35*00 
Watei^ofctTsialliBatiM^ . . . . ; . .^:.\ UJSZ 

^i; V'"-: . • .JJ \(^ '• '• •' 100. 

In Nicholson's Journal (4to. iv. 30. 171)^ 1 have given an impfoved 
flM^m fW prej^ariiirg;; tfte fetr^prQSkiate tif potash. 'iThe following, 
afteir Irjitigvamtfir modes of prepahit^sn; I find to ailbrd the pure^ 

' li'^d a s6liitlf>fl b^ potash, denrhri^ of its caHbonk acid bj qnick- 
llni«i and heated ili(*fti*V^>t)le boiling poiut, itt ah iron kettle, add, 
by d^eesi powd^ited FHIMrtan bliie tdl its coloar ceases to be dia* 
enarged.' Filter 'the Hqiilv;' add wash the sediment with water till it 
ceaises t^ extraet any tM!Mg;^ let the washings be all mixed togethei^; 
and placed in an earthen dish in a sand-heat»-— When the solution 
has beboi^b>hoty a^ H tittliP (hinted sulphurte add, and continue the 
heat fW atMydtaiybour. A't'Opiouis^cipitate will be formed of Pru^- 
Maft bk]e;-^Let Ms bis si^arated by filt^tioni and assay a smaN 
4a«Mlt?j' of Ihd ^filtered li^4ftr in a wine glasaf, wkh a little dilute 
suMuric acid: If an immediate production of Prussian blue should 
still take place, fresh sulphuric acid must be addeli^te^ the whole li- 

Siel»,%fiieh initst ag^n, vnth this additlopi be exposed to hbflit. ^ese 
iNklfettaand'(tddid«ns'i»f'Sulj|^^^ acid must be repeated as long 
as aWvTictftfsui^flrMe )i^ of Prussian blue is- produced; but when 

tbi8>06iteed, fhcrliiqubr may finally be passed through a filter. >^' * 
' !t'Pf^{^yy«;a'Soltttioh "Of milphate of copper in about fourbi^siig 
ttmes'its w^c^^tof warm watef, a^nd into the solutidb((l) pour thiS) as 
ktng'toarradi^h brown or i&dpper^oloured sediment continues to 
appear. Wash this sediment, which is a ferro-prussisite of copper, 
wtth irepeated eSusioBS of Warm water; and, when these- come offco- 
loavieas^ lay the:prectpitdte on i( liaen filter to drain, aftek* which \i 
may be dried o& a chalk-stone. < • 

36 Powder the' precipitate, when dry, ahd add it by degrees to a 
sbhfttion of pp^e ppti(bh, prepaM as described, chajp. vii. ^ct 4; The 
ferro-pntssie acid will leave the oxide of copper and pass to the alkali, 
formiae a ferro-braamte of potash; 



( 
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4. Buias theMlt«titli»oiitifiiQdsiiipiiatiiB£]^^^ 
majbe separated* b^ gentle esa!fM»atii>iiv the sulphata- drjrstsiiizitig 
An^ To the roiiiaiiiiiig ikpMiiy ddd arsoktioii of bttrjitesin «^itii 
wi^iter (ehap. iie. sectl.) as mag a»m iR^tenreci^yitate eB»i!W9, observe* 
itig ii0t to add more alter it^^c^ssMlion. * Tne sola^on of pruwiate ii 
now fiHee; in a^ reat meiumte, fvoih-mn^atid eiitirdy fftH» sulph^ltes; 
and, by gentk evsiponitimiy vM^ ibranj im caoUng, beaiitifiiL cryfittala. 
Iliese crystals fere perfeotly-Beotfalf imAiit»L^)io aloaMr^rb not 
decomposed by'beimi^, ■ or't^ythevoentAct id carbfmic acid; aiid ^nvb 
Prussian blue with splutions of'peroxi(te of iron, -^im •>• - 

For the TegetBl^ltr^ykadi^^iliierMda «r mmBiatmm^f be sttlnstitiifcd 
in the above process, if tfiey be preferred. If a snfficient quantity «f 
pure barytes cannpt be had^ the sulphate nmtlM prea)^tJBdbVy^iie<g-i 
tate of baryte^. The acetalte of potash, thus Ibrmedioiotbeii^ It ttf^ 
tullizable salt, remains in the'i!iothei>4it|Bor«"^ /'oir ^. ..- . . v 

(t) When the ferro-prussiiate of potehiaftiMied vrith sal^atei>f 
iron, in which the metal is oxidized at the minimum, the ferro-prus- 
siate^ of iron that is formed is of a white colour, but gradually be- 
comes blue, as the iron, by exposure to air, passes to the state of per* 

oxide.* - • ..i'^i .„ • ( ... .'I' ./ .;., ^ hvjs'iil'r, <- -r, ,:>,•'•)/.' i^'l 

(f ) The eflfect df ac^fppaih^tio i^ w^y^ iiWftii|#d| ^ ^^9%^ 
witt a Ma dtp^d ivk a:y#fy,4i|jute 9^ul^pl>'^ft>Krw^^|9si^^ftfe;ff fi^^^ 
ash. No characters will appear till the paper is moistened withimti 
^ate of ir^iii wh^n, Nt^rs 6f af I!i^^8»li|n MM^b»vi^ ^U be lajaptr^pt. 
The experiment 'W^y be reye:ra^,fey'»iMri*in8;iW.itl> ftulpbiitif .rf jbwi* 
a»d rendepng the characters legible! %{;(^piisrtatp*ftf. M^h. ^ .;4{» vo 
' {g) 'i^^ ffsrro-prusfiii^te of potash liA^K^fw^»,Ji|U metallic 6^ 

ibns, excepting those of gold» plaiina^ iiidiUfdii^o^miiHVa rh€diian^ W*^ 
urium, ana antimony.t :f ;{ j » . -< h ;.q n;. 

. VL When sulph^t^ eif iron is n^edii^ilh an tof«s}Qniof(rgaUi& we 
€bU^in a black fitolutii^/ which is afiefWc^hin^ti^fi! ^' osid^ of?ir(m» 
with the ^lic ihM ^nd t^n. . Buth the, gdla^ ajofd iailuate <^ kot^ 
are, thei^H»*e» essential constituents of ,i^4l the otiierJii^dif[|# #£ 
Ifrhich are ch^fly added wHh a vi^w of keepiNlg th0se insotuhle rt^to^ 
pi0unds ^u^ndeid. r. h- .{» , ^^avM\' ■ 

la order that the iron, may unite: j^ithtiihet ,ga)UoiicM tiid(H9fr ^ 
must be combined with the suiphttrio|iEMHd:«Q«>br^tMe of r«d.4Nlde^ 
for.th^ le^d/oxidiz^ iron, in the ^een-sak^ doeStjitiif^iHrmoarMtck 
compound with these strbfi^taoc^. . : Item filings, <hoW^iieli,,di8^ye>i<i 
Hft infusion of ff^lU^ with an extrication, j^f hydro^eB g^ ; 4hU« th<^ ciMii* 
pot^nd isi not tiT^ek till aftefr expomAre to ftir, which, oxidizes theirolk 
^11 farther. Tfats- saluti«»n« witha sufficient quantity: af gum^'foviM 
;m excellent ink*. :; . .. .' ;>. .j;r.\ 

. On the same prinoiple may be explained the e&ct Qf metalUf icon 
itt destroying thfe cplour.^f iak.,i;WiieB ink is digi^ted wktWiioiit 
filings, and frequently shaken, its colour decays: and^ttlkbo.bedomdW 
eolourless nftei* h&viiig aatreanf of aillphuFelted hydf^gen gaa.pasaed 
throxig^ it In both the^li-A^es the <>KM»)of iron ia.p^r%.deo»iai3b^ 

• See ProuBt's memoir, ill Nic^beTion'tf Jptimil.. ' v, -. ••■; '; 
t See Proust, Phileiophical Maj;aiine, zigc. ^. > \ ^ < ,. / 



Chaiacters ivritteii>ifti ink, JtiiM» this ti^ttinftH ftra at fiiiBt illegble, 
tet become black as the iroa acquires oxjgen from the air. 

(a) Write upea paper with an infusion of ^lls* The characters 
wnll not be legible till a solutton of tulphate of iron is applied. This 
experiment may be reversed like tlie preceding one (V. jf> ' 

(fr) The eombination of iron, forming ink, is destroyed by pare and 
caiHbonated alkalies. Apply a solution of alkali to characters written 
with conntton ink, the Ukckness will disappear, and the characters 
wiU become brown, an oxide of iron only remaining on the paper. 
* Alkalies, added cautiously to liquid ink^ precipitete the black com- 
bination, hut an excess re^dissolTes the precipitate. 

(c) Characters, which have been thus dewed, may again be recr 
4^[«d legible by an infusion of galls. 

(d) Ink is decomposed by most acsds, which separate the oxide of 
iron from the gallic acid in consequence of a stronjperaffiiiity. Hence 
ink stains are removed bjr dilute muriatit ffcid, and b^ some vegeta- 
ble acids. Hence, also, if to a saturated solution of sulphate of iron 
there be added an excess of acid, the precipitin no longer appears 
on adding infusion of galls* 

When a mixture of ink is heated with nitric acid» the yellow oxa* 
late of iron is formed, and is precipitate on adding pure ammonia. 

(e) Ink is docompo^ by age, partly in consequence of the farther 
oxidation of the iron, and partly, perhaps, in ponseq^ence of the de- 
struction of the acid of galls. Henoe ink-stains degenerate into iron- 
IfkOulds, and these last are immediately produced on an inked spot of 
.lubsn when washed with soap, because the alkali of the soap abstracts 
Ute gallic acid, and leaves only an oxide of iron. 

(j) Ink is decomposed by oxymuriatic acid, which destroys tlie 
gallic acid, and the resulting muriatic acid dissolves tlie oxide of iron. 

As all writins inks, into 8ie composition of which iron enters, are 
liable to decay by time, and to be desti'oyed by various agents, an ink 
has been proposed bv Mr. Close^ the basis of which is similar to that 
of printing ink.-^Take oil of lavender 200 grains, gum copal, in pow- 
der, 2d grains, and lamp-black from £} to 3 grains. With the aid of 
a gentle heat dissolve the copal in the oil of lavender in a small phial, 
and tiien mix the lamp-black with the solution, on a marble slab, or 
other sroootli surface. After a repose of some hours, the ink must be 
shaken before use, or stirred with an iron wiret and if too thick» must 
be diluted ^th a little ml of lavender.* This ink I have found ex- 
tremely useful in writing labels for bottles which contain acids« or 
which are exposed to acid fumes in a laboratory. 

VII. The phosphoric acid acts with but little energy upon iron; 
though a native compound of this acid and iron imparts, to some va*- 
rieties of the metal, the singular property of being very brittle when 
cold, or, as it is called, coldshort. 

The phosphate of iron is almost insoluble \n water. It is best pre- 
pared by mixbe Ijie solutions of green sulphate of iron and phos- 
phate of soda. A blue precipitate is formed, wiSch is soluble in many 
I oftheacids, and precipitated without change by ammooia^ 

. • * See Nicholson's Jptunsd, 8ro. u. 145. 
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Tbe oatff'phmgk^te ^ iroB is, also, im ksduMe saU. It maj be 
formed by miDgfing tlie solutbns of phosphate t>f soda and oxi-sul* 
•phate of iron. Its colour is yoUowish whke« Both these p2*epara- 
tions have lately derived sonte iA|iorta]ice> from being reeomiDended 
as remedies of cancer. 

VIIL The sticciuic acid composes wiA iron a brown mass^ insolo- 
ble in water. The combination is best efected bj double decompo- 
sition, and especially by the addition of a solution of succinate of 
anunonia to the salts o( iron. A loose brownf4''ed predpitate of suc- 
cinate of iron falls down*. This precipitate Klaproth exposes to heat, 
first by itself, and afterwards mixed with a small quantity of Unseed 
oil. Tlie first operation destroys the acid, and the setond reduces 
the metal to the state of black oxide. Now as the black oxide con- 
tains, in 100 parts, 7*0.5 of metallic iron, the precipitation of a solu- 
tion, by succma^ of ammonia, aS>rds a ready meniod of estimating 
the quantity of iron in any solution of that metal, or in any of its 
salts. 

IX. Tbe acetic acid, or even common vinegar, acts slowly upon 
iron, and forms a solution, which is of great use in dyeing and calico- 
printing. The acetite of iron may, also, be obtained by a double de- 
composition, if we mingle the solutions of acetite of lime or of lead 
with one of sulphate of iron. It may be formed, also, by boiling 
acetite of lead with metallic iron, which precipitate the lead in a me- 
tallic state. 

This combination of iron with acetous acid may exist, like its oikm 
salts, in two different states. In the one, the oxide is at the miniimini, 
and in the other at the maximum of oxidation. It is the latter salt 
only, which is adapted to the use of the dyer and calico-printer. 

X. Iron is dissolved by wat^er impregnated with carbonic: acid. A 
few iron ftlings,^when added to a bottle of aerated water, and occa- 
sionally shaken up, impregnate the water with this metal. This solu- 
tion is decomposed by boiling, and in a less degree by exposure to aiF.^ 

XL Iron combines with sulphur, and affords compounds, the cha- 
racters of which vary greatly according to the proportions of their 
components, (a) A paste of iron filings, sulphur, and water, if in 
sufiicient quantity, will burst,.after some time»into flame, (b) A mix- 
ture of one part of iron filings and three part^ of sulphur, accurately 
mixed, and melted in a glass tube, at the moment of union exhibits a 
brilliant combustion, 'fhe best method, however, of ^effecting the 
combination of iron and sulphur is to take a bar of the metal, while 
of a glowing heat, from a smiths forge, and to rub it with a roil of 
sulphur. Tlie. compound of iron and sulphur falls down in drops, and 
may be preserved in a phial. ^ Of all the compounds of sulphur, this 
is best adapted for aftbrding pure sulphuretted hydrogen gas with 
diluted acids, (c) The sulphuret of iron, when moistened, rapidly 
decomposes oxygen gas, and passes to the state of sulphate, (d) When 
diluted sulphuric or muriatic acid is poured on it, we obtain sulphu- 
retted hydrogen gas. 

In the sulphuret, made artificially by fusion, as well as in the na- 
tive sulphuret, iron (it has been shown by Proust and Mr. Hatchettj 



fe in the m^talltc stale. T#o <sompotinds, al^d, haire bfeen proved to 
CTist, tl^ one with a latrger, the onier with a smaller proportion of 
sulphur. The former may be called the supeV'Sulphuret s^ and the 
latter, which is disTttngnished by the property of being magnetic, the 
sulphuret. The super-sulphuret is known only as a natanu product; 
it 18 not magnetic; is nearly insoluble in diluted sulphuric and mu- 
riatic acids; and gives no sulpHiiretted hydrogen gas with acids. But 
the sulphuret is readily solable^,«obeys the magnet, and gives abund- 
unee <>f sulphuretted hydrogen with dilute acids. It is compost of 

Iron ...... 63 .... . 100. 

; Sulphur ..... 3r .,.. . ^%J5 

IDO 

And the super-sulphuret is composed of 

Iron . • .... 53.92 100 ' 

Sulphur . . . : . 46.08 ..... 127 



100. 



Though the artificial sulphuret varies in its composition^ yet it £» 
probable that these varieties are occasioned, by the sulpliuret beiug 
mechanically mixed with different proportions of iron. The foregoing 
appear to be the only well ascertained and definite compounds; and 
the analysis of them by tierzelius, it may be observed, agrees very 
nearly with that of Proust, and indeeddoes not difier, in eitlier case» 
one per cent. If the sulphuret be, as is consistent with all we know 
at present, that compound in which sulphur exists in the smallest 
proportion, this would be unfavourable to tlie notion of any oxide of 
iron with less oxygen than the black oxide. For in almost every 
other instance, the protoxide of a metal contains a quantity of oxygen 
equal to half the sulphur in the pro-sulphuret, a coincidence suffi* 
ciently explained by admit^ng both to be binary compounds, in the 
sense of tne word annexed to it by Mr. Dalton, and that the weight 
of the atom of oxygen is just half the weight of the atom of sulphur. 
Gray Lussac contends for the existence of three sulphurets corres- 
ponding to his supposed three oxides of iron;* but the details of the 
experiments establishing their existence still remain to be published. 
' XII. Iron combines with carbon in various, proportions; and the 
variety of proportion occasions very different properties in the com- 
pound. On these varieties, and the occasional combina.tion of a small 
proportion of oxygen, depend the qualities of the different kinds of 
iron used in the arts, as cast iron, steel, &c. ,Scc. The quantity of 
carbon, in the sub-carbprets of iron, ma^ be determined by solution 
in sulphurous acid, which dissolves the iron and sulphur, and has no 
action on carbon. An iagenious mode of analysis employed by Mr. 

♦ 80 A»Ti. de Chim. iro: 
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M«8liet» cmmsts in ascerlaiiuiig the i|4ei|iii^tj.«f li^iafge, ifribkhu 

fiven c|uantity of th€ iron under exaimnatioQ ts capable of reducing, 
J fusioa, to a metallic state. 

Tliere can scarcely be a more striking esiample of essi^ttd dif- 
fer-encei^ in external and physical characters being produced by sli^Mt 
difterences of cliemical composition $ for steel owes its fHTOperties to 
not more than from l^GOth txi l-r40th jts weight of carbop. This ap- 
pears to be the only addition nectary to convert iron into steel; 
for though it is proved tliat the best steel is made frpm iron wbicii 
has been procured from ores containing manganese, yet careful and 
skilful analysis discovers no manganese in steeL* 

Cast or crMe iron, besides casual impurities^, contains oxygen, 
carbon, andP^the metal of silex; but its difllerenees depend chiefly on 
the various proportions t>f carbon, which is greatest in the black, and 
least in the white, variety of iron. Berzelius, indeed, denies the pre- 
sence of oxygen in cast iron« and says .that its d^erent kinds are 
produced by variable proportions of charcoal, manganese, and the 
raetallic bases of magnesia and silex.t By the process of refining^ 
the carbon and oxygen, it has been supposed, unite together, and 
escape in the form of carbonic oxide; white another part of the oxide 
of iron unites to the earthy matter, and rises to the surface in the 
form of a dense slag. Auer this process, it forms malieable or bar 
iron, which may be considered as iron still l^oldipg some oxygen and 
carbon in combination, the latter of wiiich, even in very ductile iron, 
amounts, according to Berzelius, to about one half per cent Has- 
senfratz has suggested that iron, which has been manufactured with 
wood charcoal, may probably contain protassium, and may owe its 
superiority to this circumstance; and Berzelius has rendered it pro- 
bable that even the most ductile iron contains silicium4 

If bar iron be long and slowly heated, in contact with charcoal, it 
loses oxygen and acquires carbon, and thus becomes steeL A small 
proportion only of carbon is not capable of depriving it entirely of the 
properties of malleable iron, for though It becomes a good deal harder, 
yet it may still be welded. By union with a still farther quantity of 
carbon, it loses altogether the property of welding; is rendered 
harder and more compact; and forms the fine cast sUeL Steel, there- 
fore, though like cast iron it contains carbon, yet differs from it 
essentially in being destitute of oxygen and earth. The charcoal, 
which it contains, appears in the form of a black stain, on applying a 
drop of almost any weak acid to the surface of polished steel. 

Another combination of iron and carbon, which is a true carburet 
of iron, is the substance called plumbago, or black-lead^ used in 
fabricating pencils, and in covering iron to prevent rust. By exposure 
to the combined action of heat and air, the carbon is burned off, and 
the oxide of iron remains. When mingled also with powdered nitrate 
of potash, and thrown into a crucible, a deflagration ensues; and an 
oxide of iron may be obtained by washing off the alkali of the nitre. 

• Ann. de Chiro. et Phvs. iii. 217. f ^ PhiL MAg. p. 345. 

t 79 Asm, dc Chim. p. '233. 



WtmntMtBtik expe^satt rf Mwfs. AU«i) and Fcpys, k kppexrt tk&f 
{Wn-'fllniidMcDi wbeuitMiBtin oxygen' g»si leaves areaidue of oxideof 
mill ■■■iiiiiiliiiy, iiiilj III iiliiiii( ' percent.; and thwt it gives very nearlf 
'Abe same quantity, af cafboote acid, by colnbustioi), as- the di^Diowl 
and charcoal. When intensely heated in a Toriceilian vacuum^y ft' 
Voltaic batterniSiir.H. Dawy fouod thatitachanLctcrs rvrmained Whotlly 
ainthered; Ncttbel- ceuld any eirideoceuf its containing axygen on 
dfivmd: f rom the attiw of potas^mn.* But ivhcn eipoKd<ta the 
focflH 6( a jnwerFalienS in oxygen gui he has lately observed that' 
thci gn becffime olOuded during the procesi^ and that there was a de^ 
pdaiticHi'ofdewonthei^eviorsui'faccef the^asBgtobe; a faot whldv 
tadacates that plinnbago, like <chavooal, contatOB a Nitall praportisac^ 
'hydN^en. -; 

Ihm uhit^Bwith vanaudother metals. With p(^§«nra«iKl aodimni 
it forms alloys more fnsibleandwhiterthati irao.aiul <i4tioh eflervBice: 
when 'sdden to mtn-. StroiheTerl haftinvestigttedthe alloy^ef lAra 
amdiuliciam.-' It is&rtmeil by heating tfwether ifon, sil^s, fcnd'ohiic- 
OMil. 'Thi afiey-i»:->dteMlTed ivery tslowly by acids,^ for it bocoana. 
oove^trilha coat irf sJ1ex,whieli defends it framfartbcp action, tiU; 
it has been removed: .Manianese tbrrtMia white^and brittle'allo^ 
inth-iron. Jran, a^M^ .foiai^Mi Uloy with' .tin'; aAd iraa ^tes^ ]>r»« 
viDuslltclsaneilfay'a diliWadt^ may betpVei'ed'witii'tinb^.dippti^ 
tMih nta that'rafltat when Mi^d. ■: -<-■'■! ■■-■■'■■ ■••■ >, ' < ' 
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L To obtain oickel in a state of purity, the metal usually sold 
tmder thftt name .may.be dissolved i iil; the solu- 

tion, evaporated to dryness} and the ! ffff.tTiree'or, 

four times, alternately (TisSolved in 4 ^ di,yne^s. 

After ^he last evaporation, the mass i a'iioldtion ol 

pure ^mfoioiiia; wnjch has been provt tf ilo precipi- 

tation from muriate bflinte, to be fre IT The Solu- 

tion is ne;ft to be.evapw^ted to drrn< j| tfdljnii'xiid 

vvii^ twice or thrice its weia^t of b"lai paed''toa^i<t-, 

lent heat in a'ci*ii»;ililc for half oi' thi' mi',-'.''''''' 

Oth^r process^si for obtain iW and i^ D):sU^)ed' 

byRicJitefiD the 12th volume of Nic l^ltiiBinuet id' 

the mtK ami by Tupputi in the 71 ''^fiiijiles de 

Chimie. The l&st-raentioned memoii; contains i&Jelafanbft'ie Ifl^esltl- 
gationuf the properties and cambinati'f>ns of nlcK^ll^ \''' ^_ ''•1^ ' * 

Pure nfckel.haB tlie following cHaraijter's:;'.^, ' "'j^^^^ I'^h-n.-- .1 



-L Itt crfwir M wfaMfi Mrf uitenn«dt> l e fc et w wititi»— eof wiitBWMlf 

. tin. Itftdinlts of being finely pnlished, asd hssithMi % ImtoebMiiMK; 

tliose of steel and putiilum. WhcD ipnted. it» calav dMagmto 

that of tntiqua bronzre, which is increaml every. tioM tli» mrtiL'M) 

beaMd^ 

■ % It is perfccttynuUeoble, and aiay be forgedMMn ^wtitfto bi^ 
anil hamnerol into plates when coM. At 94^? Eafaranbeit, Tmrte 
fmrnd iteSMei&cjinnty 8.402, wd, after being Ibonn^lrhaBmw^ 
ed, &932. It is ductile, and may bedi«wn into veily fine w|u«.-U ea>- 
noteasily be soldered, on Account of the Diiid»:«4iicb form an its' 
■MiMe'wIien heated. Its power «f coadvdiaf; keftt b sapanor to, 
tliateidterof c^ipsroc zunc Its magtetic piopeftty t^ nty rt m rnt h 
able, and is retained wiien it is alloyed with a little arsenic, aid,' 
aaiLaiBpadius hasr^hmwi,* .with other setois. In itittc«lt'fas^ii)lty 
byJteat, it appnra to oBual mani^nuae. 

-:<ftj Nickel appears to ne smosptiUe of. two diAnent riatesiaf khI- 
dation. B^ longexpoeure toaredhent, wiHrfrSe aetesaof^ strait is. 
ODOvertad mte a.^rk brown osidey-wWdi is stiil.i ma|ii«j <fla In oxyj^eMn 
l^itbaras vividly, aodithrowioutsparka. Wheniveeiitfitoteil frowu 
ito' soIkAdbb by rihidiei, aad oodwately igtaitedi' it bccosM* of ,fan- 
aah-grer dslcM* wlthiA riirht tinge of bhie lOf. grMB. aadbin thnstttte: 
ofrntainb, aburdin^to.Kiaproth, 66 fltetaUaM MvKfffm.. B^fas- 
ther ignition, it becomes blackish 'grby.jWidtlite tensistvas stetodbjt. 
ffichter, of 78 metal, and 23 oxygen. Tuppati, from 100 grains of 
nickel dissolved in nitric acid, precipitated by a filed alkali, and cal- 
cined, obtained 137 grains of an alfT-^rey powder, which is to be con- 
sidered as the protoxide. Hence it is composed of 



Nickel . ■/'. 
Oxygen. . . 



' Tfien^.^escrilie^ "s bliick jtefoside of nickel, oti'tfiined by paSsing 

a^gtif-ijfin^ W (fldot^je |as, through water, in which the bydrati Is sus- 

^n^ed'. It^ precise compoaition is linkiiown. In a sufficiently high 

^t^iri peri tare,, lis oxlues are reducible with out' addition ; nor is u more 

£t|^ish^hy a strong hft>!: than gold, silver, or platinum'. It ranks, 

.■i.-i:...f — -■"'""- "-e hiwje or perfect metalj.. ' ''''\ 

.a,ni(I muriatic acids' have little action bn'nitS^fel, 

Bnfs art the' nitric Hid hitro-murlaltic acids. Tlie! ■ 

i^autiful gr^&greeti' colour. 'CbHwnate'of pfit- 

rai>ple-gjreen iiredpitate^ which assumes. a da'ii 

eateg.^, xhe fixed alkalies occasion abulkygr^en- 

e, which is, a hydrate or hyitro-oilde' rf nickel, 

r cenl- of tJie protoxide and 24 water. 

S. When pure ammotiiA is added to nitrate of nickel, a precipitate 

is Formed, resembling that' whieh is separated by ammonia IVoin a So- 

' Thenwon'* Awala, «■ t3.. 



• ■ 



iQtion of copper, but not of so deep a hne. This colour cliaiigesy in 
to hoar or two, to an anethyst red, and to a violet; which colours 
are converted to apple-green by an sicid, and again to bine and violet 
bj ammonia* If the precipitate retain its blae cdour, the presence 
<H copper is indicated.* This precipitate, which is a hydrate, is solu- 
ble bVan excess of ammonia; and by this property the oxide of nickel 
ma^ be separated, in analyses, from those of almost all other metals. 

D» Nickel, when heated in chlorine, affords an olive-coloured com- 
4xmnd; and the lii|uid muriate, when evaporated and strondy heated^ 

f'ives brilliant white scales, which consist of nickel ana chlorine* 
rom anajiogy, the first should contain the largest proportion of chlo> 
rine; but the analysis of these compounds has not yet been accurately 
effected. . 

T* Solutions of all the salts of nickel are decomfidsed by alkaline 
bydro-sulphurets, with which they form black precipitates; but svd- 
phuretted hydrogen has no effect on them. Nickel may, however, be 
combined direcuy with sulphur by fusion, and forms a grey com» 
pound with a metallic lustre. It contains, according to Mr. a. Davy^i 
experiments, 34 per cent of sulphur; and the super-sulphuret, which 
may be formed oy heating the protoxide with sulphur, is stated, by 
the same chemist, to contam 43.5 per cent of sulphur. 

9. From the solutions of nickel, prussiate of potash throws down « 
sea-green precipitate. According to Bergman, 250 parts of this con*' 
tain 100 ot metallic nickel. This statement, however, differs consi- 
derably from Klaproth's, according to whom 100 grains of nickel^ 
after solution in sulphuric acid, give a precipitate by prussiate of pot* 
ash, which, after being ignited, wei^s 300 grains. 

10. Tincture of gaUs produces no change in these solutions. ' 

11. The solutions of nickel do not deposit the metal either on 
polished iron or zinct All that takes place by the action of zinc, is 
the separation of a mud-coloured precipitate, consisting, for the most 
part, of arsenic and itm, with which nickel generally abounds. Hence 
the green colour of the solution of nickel is greatly improved by the 
action of zinc. 

12. Nickel may be alloyed with most of the metals, but the com* 
pounds have ho particularly interesting qualities. An alloy of iron 
and nickel has been found in all the meteoric stones thal^ have hitherto 
been analyzed, however remote from each other the parts of the wor|d 
in which they have fallen. In these, it forms from 1^ to 17 per cent 
of their weight It enters, also, into the compcisition of the large 
masses of native iron discovered in Siberia and in South America. 

To detect, in a general way, the presence of nickel in iron. Dr. 
Wollaston recommends that a small quantity (which need not exceed 
1-lOOth of a grain) should be filled from the specimen; dissolved in a 
drop of nitric acia; and evaporated to dryness. A dtop or two of 
pure liquid ammonia, added to the dry mass and gently warmed, dis- 
solves any nickel that may be present The transparent part of the 

* See Richter in Nicholson's Journal, xii. > 

f See KloprotVs Ajialytieal Essays, i. 433. 

Vol, 11.— N 
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Qaid 18 tbeQ ta be Ud, by the end of a glMS rod, to a ^maU distance 
from tl^e {urecipitated oxide of iron; and the addition of a drop of 
triple pnissiate of potash detects the presence of nickel bj the ap- 
pearance of a milkj cloud, which is not discernible in the BolntioB of 
a similar quf^tity of common wrought iron treated in ibe ^Bmt man-' 
^r. The method of ascertaining the quantity of nickel i^ its allay 
with iron, employed by the same philosopher, will be described in the 
cbi^ter 09 mineral analysis. 



SECTION X. 

Tin. 

Thk properties of tin must be examined in the state of ^rain-tin or 
block-tin; what is commonly known by the name of tin, being nothiii^ 
P0Vf» thaii iron plates with a thin covering of this metal. SeTeral 
i^arieties. are met with in 'commerce, for the discrimination of which^ 
and the ipean^ of judeing of their purity, Vauquelin has given useful 
instructions in the 77th volume of the Annales de Cbimie. Cornish 
4^9 has been shown by Dr. Thomson to contain only a very minute 
pr^poption of foreign metals, never exceeding, and for the most part 
much less than l^OOth part, which is ohiefiy copper derived from the 
pre-* . . 

Tin has a silvery white colour, and by exposure to the air acquires 
a slight superficial tarnish, which does not appear to increase by time. 
Its 8pe:eific gravity is about 7.9. It is extremely soft; scarcely, if 
^t all, elastic; and when a piece of it is bent backwards atid forwards, 
it gives a peculiar crackling noise. It is very malleable, and may be 
llM^ten into leaves, 1-lOOOth of an inch thick* 

I. Tin melts on the application of a moderate heat, equal to 442* 
Fahrenheit, by a long continuance of which it is converted into a 
grey powder. This powder, which appears to be the first oxide of 
tin, when mi^ed with pure glass, forms a white enameL ^ It may be 

Jtrocured, also, by calcining, in a close vessel, the precipitate frooi 
resh made muriate of tin by carbonate of potash. * 

The grey oxide, when In-ought to a, full red heat, takes fire; and, 
acquiring an increase of oxy^n, passes to a pure white colour. This 
white Qxide, when the heat is considerably raised, loses a part of it» 
oxygen and ri«ns into fusion. The white oxide may be obtained at 
once by projecting tin into a crucible intensely heated, when the 
Qxide rises in the ^rra of flowers somewhat resemblii^ those of zinc. 
It maj» also, be procured, as Beraelius found, by distilling powdered 
^ with red oitide of mercury. 

The o:!(ides of tin have been investigated by Gay Litssac and Ber- 
zelius, a|>d tiieir results differ so little^ that either of them may be 
presumed to be correct. Gay Lussac states the composition of the 
protoxide to he 

*■ Thomson's Annsds x. 166. 



Tin 88.10 ...... 100. 

Oxygen .... 11.90 ...... 13.6 

100. 
And that of the peroxide, in which he i^rees with Kiaproth, 

Tin 79 ..... . 100. 

Oxjgcn . . . . ; 21 27.2 

100* 

Besides these two oxides> Berzelius suspects the existence of M, 
intermediate one, which is formed when tin is acted on by nitro- 
muriatic acid; and which enters into the composition of deoto- 
chloride of tin.t It has a yellow colour, and, from theory, should 
consist of 100 metal + ^.4 oxygen ; but he does not appear fully to 
have satisfied himself on the subject; and its existence is thought by 
I Gay Lussac to be extremely questionable. 

j The oxides of tin have, in a certain degree, the properties of acidsT, 

so as to render it doubtful whether tttey should not be arranged in 

that class of compounds. But their affinities for bases are so extremely 

feeble, that it seems advrseable, on the whole, to retam thecti in the 

class of oxides. 

I The precipitates from solutions of tin by allalies are hydrates, and 

i have a white colour. They are soluble in an excess of nxed alkali; 

r but the oxide is precipitated by the weakest acid, even the carbonic* 

; The hydrates of tin are, also, decomposed by Jhe action of boiFme 

I water. Dr. Thomson has described two hydrates, the one composed 

of 100 peroxide and 24 water, the other of 100 peroxide and 4i 

Water.! 

II. Tin IS not oxidized at Common temperatures by exposure 16 
air with the concurrence of moisture; a property which is the founda- 
tion of its use in covering iron. 

III. Tin amalgamates readily with mercury; and this compound is 
much used in the silvering of looking glasses. It is formed by adding 
gradually three parts* of mercury to twelve of tin melted in an iroa 
ladle, and stirring the mixture. 

IV. Tin dissolves in sulphuric acid, which takes up, when con- 
centrated and heated, half its weight It is dissolved also by fAisacid, 
diluted with about a fourth its weight of water, and heated. Iwnng both 
these processes, sulphurous acid is disengaged ; and, in the latter, a 
pellicle oi sulphur torms "on the surface of the jwlution, which pre- 
cipitates on cooling; When saturated, the solution deposits, after a 
while, needle-shaped crystals of sulphate of tin. If the sulphate be 
long boiled, a copious wKte precipitate subsides, which will not agsdn 

* Ann, de Chim, et Phys. u 43;- and v. 151. 
t 87 Ann. de Chim. 50, 
1^ Anaals of FhiL x. 149. 
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dissolve. It is composed (tf the white oxide retaining only ai small 
portion of acid, and constituting in hci a sulhftulphate. 

V. When nitric acid highly concentrated is poured upon tin filing, 
▼erv little effect is produced; but when a small quantity of water is 
added, a violent effervescence follows; and the metal is reduced to 
a bulky powder, which is the white oxide retaining a tittle acid. If 
more water be added, an acid liquor is obtained, holding verr little 
tin in solution. Tin, however, is slowly dissolvea, without eferyes- 
cence, in nitric acid greatl^r diluted. The solution is yellow, and 
deposits oxide of tin by keeping. 

VI. Muriatic acid, undiluted, is the proper solvent of tin. To one 
part of tin, in a tubulated retort, two parts of concentrated muriatic 
acid are to be added, and heat applied. The solution is complete, 
with the exception of a small quantity of black powder, which consists 
of protoxide of copper ;* and the acid takes up about one-fourth of its 
weight of tin.t The solution has always an excess of acid; is per- 
fecdy limpid and citlourless; and contains the metal at the minimun 
of oxidation. It has a tendency, however, to acquire a farther pn^ 
portion oT oxygen, and should, therefore, be carefully preserved from, 
contact with the air. This property of absorbing oxygen is so re- 
markable, that it may even be applied to eudiometncal purees. It 
has, also, the property of reducing, to a minimum of oxidation, those 
compounds of iron, in which the metal is fully oxidized. For exam- 
ple, it reduces the red sulphate to the green. It is a test also of gold 
and platinum, as already noticed, ana blackens the solution of cor- 
rosive sublimate. With hydro-sulphurets it gives a black precipitate. 

VII. Tin may be brought to combine with chlorine, by first form- 
ing^ it into amalgam with mercury, triturating this with an equal 
weight of corrosive 'sublimate, and distilling the mixture. Or the 
same compound may be formed, according to Proust, by distilling a 
mixture of eight ounces of powdered tin and tiyenty-four ounces of 
i^orrosive subumate. The result is a liquid which emits dense white 
fomes, when exposed to the air, and was formerly termed the fuming 
liquor of Libavius. It gives no precipitate with muriate of gold or 
muriate of mercury— affords a yellow sediment with hydro-sulphuret 
of potash— dissolves a farther portion of the metal without effervea- 
\fsnce, and is then changed into the common muriate. 

This compound, ^according to the researches of Adet, is an oxy^ 
muh^ae of tin (or, according to the theory of chlorine, a per^ 
ohlorvMi^tin\neriect\jfree from water, and having a strong affinity 
for thai%iid. Hence arises its fuming property; Tor the white va- 
pours, whicV^hale when the bottle is unstopped, arise from the union 
of the salt wuV th© moisture of the air. It may be forced at oiice, by 
heating tin in chlorine gas; and it consists, according to Dr. Davy, 
who calls it stannanea, of 

• Thomson's Annals, x. 71. 
, t..^" ^® prepamtion of muriate of tin, see Bcrard, Annales de Chimic* 

." «!:P • **' ^»<»oh«i'8 Journal jari, ; and Ghaudet^ Ann. ck Chim. et Phya. 
lu. o7o. " 
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sscrr, X. txk. 101 

CTin V . . . 43 • • . 100 



Perchloride . . 



iChlwioe . . 55 . . . 122 



100 



Another compound of tin and chlorine^ called by the same chenuat 
etcumianey but more properly named protoehloride of tin^ may be ob^* 
tained by heating together an amal^m of tin and calomel It dissolves 
in vr^ter, and forms a solution, similar to the muriate of the protoxide^ 
which rapidly absorbs oxygen from the air, a :^d deposits peroxide pf 
isn* It js composed of 55 tin and 33.5 chlorine, or 

x> * ui -J ^Tin . . . . 62 • • . 100 
Proto^hlonde . J chlorine . . S8 . . . 62 

100 

« 

VIlT. The nitro-muriatic acid (fortned by mixing two or three 
farts of muriatic acid and one of nitric,) dissolves tin abundantly, 
with violent effervescence, and with so much heat, that it is necessary 
to add the metal slowly by successive portions. The solution is 
apt to congeal into a tremulous gelatinous mass; and if water be 
added, it is partly decomposed, and some oxide separated. The 
solution, used by the scarlet dyers, is prepared with that dilute nitric 
acid called single aqua-fortis, to each pound of which are added from 
one to two ounces of the muriate of soda or ammonia. This cdm^ 
pound acid is capable of taking up about an eighth its weight of tin. 
IX. Acetic acid (distilled vinegar) by digestion with tin filing!^ 
takes up a portion of the metal, and acquires an opalescent or milky 
appearance. The solution is decomposed by the action of the air« ana 
deposits an insoluble oxide. 

Tin dissolves in tartaric acid; and the solution is applied to the 
useful purposes of wet4inning, the process for which is described in 
Aikin's Dictionary, ii. 427. 

^ X. Tin unites with sulphur, but requires^ for its combination, so 
high a temperature, that at the moment of union there is too small a 
quantity of sulphur present, to saturate the tin, and a mechanical 
mixture results of tin ^nd sulphuret of tin. The only method of ob- 
taining the satui:^ted sulphuret^ is to melt the aurum mudvum, whic(i 
will presently be described, in clot»e vessels. The proto-sulphuret is 
of a blaish colour and lamellated structure. It is composed, accord^ 
ibg to Dr. John Davy and Berzelius, of 

Tift ..... 78.6 ... 100. 
Sulphur .... ^1.4 ... 27.234 



100. 127.234 



^ The second sulphuret, or persulpfturet of tin, {aurum musetnim,} 
ii formed by heating sulphur with peroxide of tin* It is of a beauti- 
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fol gold colour* and flaky in its stnicture. Proust was of ofHoion that 
it is a sulphuretted omck; but Dr. Davj and Berzelhis have shown 
that the tin is in a metaUic state. According to the former, it con* 
sistsof 

Tin • . • . • 64.5 . • . 100, 
Sulphur .... 35.5 * • • 54.5 



100. 154.5 

BerzeliuSy by redistilling per*sulphuret of tin with sulphur, obtain- 
ed a compouna of a grejish colour and metallic Ijustre, which he found 
to be composed of 100 tin and 40.851 sulphur, or exactly intermediate 
between the two which have been alreaay described. It is probable, 
however, that it was merely a mixture of the twp sulpburets, and not 
a distinct compound. 

XL Tin forms useful alloys with many of the metals. Fewier is 
one of these; and the best kind of it is entirely free from lead, being 
comnosed chiefly of tin with small proportions of antimony, copper, 
and bismuth.*' A mixture of tin and lead, in about equal parts, com- 
poses the common plitmher^ solder. Tin enters, also, into the com- 
position of bdUmetal and bronze; and one of the most useful appli>^ 
cations of it is to the tinning of iron plates, which is effected by dip- 
ping the plates into melted tin. The process, however, requires seve- 
ral preliminary steps, which are described in Watson'ig Chemical E&- 
iays, vol. it., and in Mr. Parkes's Chemical Catechism. 



SECTION XL 

Lead. 

To obtain lead in a state of purity, Berzelius dissolved it in nitric 
acid, and crystallized the salt several times, till the mother liquor, 
«n iMidin^ carbonate of ammonia, gave no traces of copper. The pure 
nitrate of lead, mixed with charcoal, was strongly heated in a Hessian 
cmcible; and the lead, which separated, was kept some time in a state 
tk fusion, in order to free it entirely &om charcoal. The lead, thus 
obtained, when redissolved in nitric acid, gave no trace of any other . 
metal. 

Lead has a bluish white colour; and, when recently cut or melted^ 
considerable lustre, which soon, however, tarnishes. Its specific gra- 
trity is 11.352. ltd malleability is sufficient to allow its being &at 
into very thin leaves; and it may be drawn into wire, which has less 
tenacity, however, than that of -most other metals. 

* On the alloys of tin, a- memoir of M. Dussansoy may be consulted in the 
5lh vol. of Ann. de Cbim. et Pbys.; and BCr. Chaudet*s paper in the same and 
in the 7^ volumos. 



The o^eltihg point of lead, according to MoWeau, is 590^ Fahren- 
heit; bat accoming to Mr. Cricfaton of Glasgow, it is 61S''. Exposed 
to a red heat, with free acci^s |^ air, it smokes and sublimes, and 
gives a grey oxide, which collects on surrounding cold bodies. It it 
slowl J oxidized, aUo, by exposure to the atmosphere at common tem<- 
peratures; and more rapidly, when exposed alternately to the actiion 
of air and water. 

Le^d appears to be susceptible of forming three distinct oxides* 
1. The yellow oxide may be obtained by decomposing nitrate of lead 
with carbonate of soda, and igniting tne precipitate, or by heating 
the nitrate to redness in a close vessel. This oxide is tasteless, inso^ 
luble in water, but soluble in potash and in acids. When hea^d, it 
forms a yellow semi-transparent glass. Another form of the yellow 
oxide is that which is known in commerce by the name of nutssicof. 

The yellow or protoxide of lead has been investigated by Proust^ 
Thomson, and Berzelius; and ita composition, as determined by the 
last mention^ chemist, is 

Lead , . . 92.85 ... lOa . . . 1298J' 
Oxygen . . 7.15 . . . . 7.7 . . . 1000. 

100. 

« 

2. The second, or devtoxide of lead, may be obtained by exposing- 
the protoxide of lead, or the metal itself, to heat, with a large surface 
and a free access of air, forsome time, till, at length, it is converted 
into a red oxide, known in commerce by the n^tmes of minium or red 
lead. This, however, is an impure substance, containing sulphate of 
lead, muriate of lead with excess of hase, oxide of copper, silex, and 
a portion of the*yellow oxide. , This, Berzelius found, may be removed 
by acetic acid, which does not act on the red oxide. Making- allow-^ 
ance for the other impurities, he determined the composition of red 
Oixide of lead, which may be considered as the deutoxide, to be 

Lead ..... 90 ... . 100. 
Oxygen .... 10 ^ • . .* 11.08 

100 

•» 
When minium is digested with nitric acid, one part of it is redueed 
to the state of yellow oxide, and is dissolved by the acid; and the 
remainder is a brown oxide, contaminated (if pure mininra has been 
Dsed) with the substances which have been mentioned. Thk oxidb 
may be procured, also, by passing a current of oxymuriatie acid ga« 
through water, in which the red oacide is kept suspended, md by pre* 
cipitating with caustic potash, and drying tlie oxide. It ia of a sea or 
puce colour; very fine and liffht in its texture; and insoluble in nitric 
acid. When strongly heated, it gives out three or four per cent of 
oxygengas, andb conveirted into yellow oxide^ It consists, accord- 
ing to Berzelius, of ' 
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I 

Lead .... 86.51 ... . 100. 

Oxygen . * . . 13.49 .... 15.6 

• ^ ■• 

lOa 115.6 

On comparing the quantities of oxygen united with 100 parts of 
lead, in these three oxides, we shall nnd that the numbers 7.7, 11.08, 
and 15.6, are very nearly in the proportion of 1, 1 J, and 2. If, there- 
fore, we multiply these last numbers by 2, we shall have the oxygen, 
in the three oxides of lead, represented by 2, S, and 4; and this view 
of the subject would render it probable, that there exists an oxide of 
lead, with less oxygen than any at present known. I have, therefore, 
till thi^^mn be decided, retained the names of the three oxides which 
are derived from their colour, viz. the yellow, the red, and the puce 
oxides. 

The yellow oxide of lead, when precipitated by pure alkalies from 
its compouqds, forms a white hydrate, the composition of which is 
riot exactly known. 

The oxides of lead are easily vitrified, and have tiie property of 
uniting with all the /metals except gold and silver. Hence gold or 
silver may be purified by melting them with lead. The mixture is 
to be kept, for some time, in a, state of fusion in a fiat cup made of 
Jtone ashes, and called a cupel or test. The lead becomes vitrified, 
and sinks into the cupel, carrying along with it all the baser metals, 
.and leaving the gold or silver on the surface of the cupel. The quan- 
tity of lead required for silver of various degrees pf nneness may be 
learned from a memoir of d'Arcet, in the first volume of Annates de 
Chim. et Physique. 

The oxides of lead give up their oxygen on the application of heat 
When distilled in an earthen retort, they afiford oxygen gas; and still 
more readily when distilled with concentrated sulphuric acid. 

To procure oxygen gas, sulphuric acid may be poured on the r^ 
•xide of lead, contain^ in a gas bottle, and a gentle heat applied. 
The gas, thus obtained, after being agitated with water, is sufficient! j 
pare for common purposes. 

The oxides of lead are also reduced, by being ignited with combus- 
tible matter. Thus, when a mixture of red oxide of lead and char- 
coal is ignited in a crucible, a button of metallic lead will be found 
At the bottom of the vessel. Mere trituration of the peroxide in a 
mortar with a little sulphur, and the subsequent addition of a small 
bit of phosphorus, occasions a violent explosion."*^ 

II. Pure water has no action on lead; but it ti^kes up a small pro-^ 
portion of the oxide of that metal. When left in contact with water* 
with the access of atmospherical air, lead soon becomes oxidized and 
dissolved, especially if agitation be used. Hence the danger of leaden 
pipes asd vessels for containing water, which is intended to be drunk. 

* Thomsoji*8 Annailti, he. 31. 
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Water appears also to act more readily on lead» when impregnated 
with the neutral salts that are occasibnallj present in spring water** 
IIL Snlpharic acid has no action on lead, except when concen- 
trated and at a tailing temperature. It is then decomposed, and sul- 
phurous acid is formed. The insolubility of lead in sulphuric acid 
occasions its being employed as the material for constructing the 
chambers in which that acid is prepared, and even for boiling down 
the weak acid. Sulphate of lead, however, may be formed, either by 
adding sulphuric acid, or still better, sulphate of soda, to any of the 
salts of lead. Its insolubility renders its formation of use as a step 
in mineral analyses, and hence it is necessary to know its exact com- 
position, which k stated by Berzelius as follows: — 

Sulphuric acid .... 26.34 .... 100 
Yellow oxide .... 73.66 . . . . 279 



100. 379 

If the whole oxygen in the sulphate of lead be supposed to be di- 
vided iDto four parts, on^ of these, it is remarked, by Berzelius, is 
combined with the lead, and three with the sulphur. In the sulphite, 
one third of the oxygen is united with the lead, and two thirds with 
the sulphur. 

IV. Nitric acid, a little diluted, dissolves lead, with the extrication 
•f nitrous gas. If the acid be in small quantity, a sub-nitrate is form- 
ed, which becomes soluble on adding more acid. A small portion 
remains undissolved, which Dr. Thomson finds to be oxide of anti- 
mony with a little silex. The solution is not decomposed when poured 
into water. By evaporation, it yields large regular crystals, which 
irei soluble in about 7J parts of boiling water. They contain no 
water of crystallization, and consist, according to Berzelius, of 

Nitric acid ... . 32,78 .... 100. 
Yellow oxide .... 67.22 .... 209.5 



100. 309.5 

Chevreul considers thi^ salt as a super-nitrate,* and describes a 
icaly salt, which is the neutral nitrate, couaisting of 

Nitric acid ..... 19.86 .... 100 
Yellow oxide. ... 80.14 .... 403 



lOO; 503 

By boiling 4 parts of the supen-nitrate, and 6 of lead, with 350 
parts of water, for 14 hours, Chevreul obtained a liquid, which yielded 

* On the presence of lead in water, consult Dr. Larabe's " Researches re- 
specting Spring Water," (8vo. London, Johnson,) and also Giiyton, 36 Nich. 
Jonm. 102. 

f X Thomson^s Annals, 101^ 

Vol. IL— O 



y% 



106 MSTALS. MtAP. X»Y. 

two sorts of erjKtals; the one, in the form of pUtes» a nitrite^ and 
the other, in the shape of neediest a sub-nitrUe* The nitrite was littk 
soluble in cold water, and boiling water dissolved only about a^ntb 
of 4t8 weight It was decomposed by all the acids that were tried. 
Its constituents are 

Kitrouaacid .... 18.15 .... 100 
Yellow oxide .... 81.85 .... 450 



100. 



9 

The sub-nitrite crystallized in needles, of which 100 parta of boil- 
ing water dissolved about three parts, and retained one, when cooled 
down to 73** Fahrenheit. It consisted of 

Nitrous acid .... 9.9 .... l6o 
Yellow oxide .... 90.1 .... 910 



100. 



V. When the nitrate, or any other soluble salt of lead, is added t# 
a solution of common salt, a precipitate takes place of muriate of lead. 
The same compound may, also, be obtained by heating lead in chlo- 
rine gas, or by treating the oxides of lead with muriatic acid. When 
dry, the compound is a dull semi-transparent substance, fusible at a 
heat below redness, and volatile at an intense heat. It has a sweet 
taste> and is soluble in 02 parts of cold water. It has successively re- 
ceived the names of kom lead, muriate of lead, and plumbane^ loer- 
lelius states its composition to be 

Muriatic acid . • • 19.64, .... 100. ' 

Yellow oxide . . . 80.36 .... 409.06 



100. 



But according to Sir H. Davy, it is a compound of chlorine witk 
liietallic lead, or chhride of ^oa, composed of 

Chlorine ..... Q4M .... 100 
Lead , 75.38 .... 306 



100. 



When two parts of the red oxide of lead are mixed with one of 
muriate of sofJa, and the mixture is made into a paste witii water, 
the common salt is decomposed, and a muriate, or probably a sub-mu*- 
riate or sulhdiloride of lead is formed, which, on fusion, afibrd^ the 
substance called mineral or jpatent yellow. The soda is disengaged; 
and attracts carbonic acid Irom tbie atmosphere, but not enough to 



Mmvert it into a carbonate* In the lar^ waj, it is fcoB<l necessary 
to. supply cartMmic acid to the soda, thus prepared, by burning it witk 
saw-dust* 

YI. Carbonic acid may be brought to combine with protoxide of 
lead, by precipitating the nitrate of lead with carbonate of soda, or 
by long^exposure of tiiin sheets of lead to the vapour of vinegar. lu 
the latter casei we obtain the carbonate of lead or common white 
lead, which Bergman has shown to contain no acetic acid, though, 
made by its intervention. According to Berzelius, it consisto of 

Carbonic acid • . • . ' . 16.5 
Oxide of lead. ..... 83.^ 



100. 



YII. Wh^n carbonate of lead is dissolved in distilled vinegar, and 
ihe solution crystallized, we obtain a salt of great utility in the arts, 
the super-acetate, or more properly acetate, of lead, long, known, 
from its sweet taste, under the name of sugar of lead. 

It is in the form of small shining needle-shaped crystals, which are 
hearhr equally soluble in hot and in cold water, vix^ to about one- 
fourth "tiie weight of the fluid. The solution is decomposed by mere 
exposure to the air, the carbonic acid attracting the lead, and forming 
an insoluble carbonate* It is decomposed, ^so, by the carbonate 
and sulphates of alkali. 

Acetate of lead consists, according to the experiments of Berze- 
.Uus, of ^ 

« . • ■ 

Acid 26.97 .... 100. 

Yellow oxide. . * 9B.7i . . . . ai7.662 
Water ....... 14^2 .... 



100. 



By boiling in water, a solution of IQO parts of acetate and 150 of 
fia^ely pulverized litharge, the acetate passes to the state of sub-ace- 
tate. The taste of this salt is less sweet: it id less soluble in water ; 
and crystallizes in plates. It is composea", according to Berzelius, of 

Acid . . .... 13.23 ..... 100 

Yellow oxide . * • 86.77 656 . 



100. 



The oxide in the sub-acetate is, therefore, so nearly three times 
that contained in the acetate, that we may consider the composition 
of these salts as furnishing an additional example of the law of sim* 
pie multiples. ' 

All the solutions of lead are decomposed by sulphuretted hydro- 
^ gen and by alkaline hydro-eulphurets. Hence these compoun<& are 
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excellent tests of the presence of lead in wine or an j other liquor, dis- 
covering it bj a dark-coloured precipitate. Hence, also, characters 
traced with solution of acetate of lead, become legible when exposed 
to sulphuretted hydrogen gas. I'he same property explains, too, the 
effect of alkaline hydro-sulphurets in blackening the glass bottles, in 
which thejare kept The effect is owing to the action of the sulphu- 
retted hydrogen on tiie oxide of lead which all white glass contains. 

VIIL The yellow oxide of lead unites with phosphoric acid, either- 
directly or by mixing the solutions of a neu^l alkaline phosphate 
and of nitrate or acetate of lead. The compound is insoluble, and is 
composed, according to Berzelius, of 

Phosphoric acid . 20.8 . • 100. . . 26.2 
Yellow oxide . . 79.2 .* . S80.5 . . 100. 



100. 480.5 126.2 

IX. Lead unites in its metallic state with sulphur; and affords a 
compound of a blue , colour with considerable brilliancy called fa- 
leniu This compound may, also, be formed artificially. It is remarked 
by Berzelius that the sulphur and lead, which it contains, are in such 
proportions, that when both are combined with oxygen, and convert- , 
ed, the one into sulphuric acid, and the other into yellow oxide of 
lead, the acid and oxide exactly saturate each'othen These propor- 
tions he found to be ' > 

Sulphur . . 13.36 . . 15.42 ... 100. 
Lead . . . 86.64 . .100. . . . 643.5 



100.00 115.42 743.5 



SECTION XIL 

Zinc, 

The zinc of commerce, known by the name of speltre, is never 
pure, but contains lead and sulphur. To purify it, zinc must be dis- 
solved in diluted sulphuric acid; a plate of zinc is then to be im- 
mersed in the solution, to precipitate other metals, which it may con- 
tain; the solution must be decomposed by sub-carbonate of potash: 
and the precipitate ignited with charcoal powder. 

Zinc is of a brilliant white colour with a shade of blue. Its specific 
gravity varies from 6.86 to 7.1, the lightest being the purest Bj 

f^articular treatment it becomes malleable,* and may be beaten int^ 
eaves or drawn into wire. 

•The discovery of the mall^ililjr of zinc \m announced by Mr. Silvester 
in the Philosophical Magazine, voL zxiii. 
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I. Zinc is melted by a moderate hehU.vix. at about 680^ Fahren- 
heit, and the fused mass, oa cooling, forms regular crystals. 

II. By exposure to the air, at a low temperature, it slowly acquires 
a coating of grey oxide; but when kept in a degree of heat, barehr 
sufficient for its fusion, zinc becomes covered wiui a grey oxide, ff 
thrown into a crucible, or deep earthen pot, heated to whiteness, it 
suddenly inflames; burns with a beautiful white flame; and a white 
and light oxide, containing some carbonate, sublimes, having a consi- 
derable resemblance to carded wool. This oxide, however, when 
once deposited, is no longer volatile ; but, if exposed to a violent heat, , 

' runs into glass. It has been examined with much attention by Proust, 
who found it to consist of 80 parts of zinc and ^ oxygen. Gay Lus- 
sac* and Berzeliust have since investigated it, and agree in consider- 
ing it as composed of 

Zinc 80.39 .... 100. 

Oxygen .... 19.61 .... £4.4 

100. 1£4.4 

Zinc decomposes water very slowly at common teiDperatores, but 
with ^reat rapidity, if the vapour of water be brought into contact 
with it when ignited. In whatever way it is oxidized, we obtain the 
compound already described, which is the only known oxide of zinc*} 

III. Zinc readily dissolves in diluted . sulphuric acid, with the ex- 
ception of a small quantity of black powder, which Yogel found to be 
c^omposed of charcoal, irop, and sulphate of lead. The acid, during 
its action on this metal, evolves hydrogen gas; and the gas, when 
obtained, besides other impurities, holds in combination a portion of 
the metal. ^ stream of it, burned in Cuthbertson's ap|iaratus (pL iV. 
fig. 34,) has been found, if recently prepared, to occasion the fusion 
of the platinum wire, though the pure ^as is destitute of this pro- 
perty. This hydrogen eas, holding zinc m solution, may also be ob- 
tained by a process of Vauquelin. A mixture of the ore of zinc, 
called blende, or calamine, with charcoal, is to be put into a porcelain 
tobe, which is to be placed horizontally in a furnace, and, when red- 
hot, the vapour of water is to be driven over it The gas that is pro- 
duced, Ij^owever, is a mixture /of carbonic acid, carburetted hydrogen, 
avd hydrozincic gas. The zinc is deposited on the surface of the 
water, by which this gas is confined; but, if burned when recently 
prepared, the gas exhibits, in consequence of thb impregnation, a 
Uue flame. 

The solution of zinc in sulphuric acid, when evaporated to a due 
degree of density, shoots into regular crystals. This salt is soluble 
in 2} parts of water; and its solution is not precipitated by any other 
metal. Its composition is stated by Berzelius and WoUaston as fol- 
lows: 

• 80 Ann. de Cbim. 170. t 81 Ditto. 

Jf Vogel in Thomson's Annals, rii. 33. 
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• AcM ..... S9.96 .... 27.3 

Bade . . • . • 52.69 .... ^A 

Water . * . . 36.45 .... 44.3 



100.* ' 100.t 

IV. Nitric acid, moderately strong, acts on zinc with great vio- 
lence. The solution, by evaporation, crystallizes, and affbnls a deli- 
quescent salt 

V. Muriatic acid, a little diluted, acts on zinc, and evolves hydro- 
gen gas of great purity. The solution is clear, but cannot, by evapo-^ 
ration, be brought to crystallize. The dry salt, however, may be 
sublimed, and passes over in a half solid ^tate, from which circum- 
stance it has been called butter of zinc. When rapidly evaporated, 
it yields a thick extract, which ha^ sbmewliat of the viscidity of bird- 
lime. 

Only one compound of zitid^ and chlorine is known. It may be 
formed by burning the metal in chlorine gas, or bj distilling zinc 
frlinffs with corrosive sublimate. It fuses at a heata httle above 212^; 
is volatile at a temperature below redness; and is identical with the 
compound, obtained by evaporating muriate of zinc. It consists, ac- 
cording to Dr. John Davy, as nearly as possible, of equal weights of 
metal and chlorine, or of 

Zinc ...... 4a5 .... 100 

Chlorine .... 50.5 .... 102 



100. 



1 — 

VI. Acetate of zinc may be formed either by directly dissolving 
the metal or the white oxide in vinegar, or by mingling the solutions 
of super-acetate of lead and sulphate of zinc. An insoluble sulphate 
of lead is formed, and the acetate of zinc remains in solution. By 
evaporation it affords a crystallized and permanent salt 

VII. Zinc is oxidized by being boiled with pure alkaline solutions, 
and a portion of the oxide remains dissolved. A similar compound 
may be obtained, by projecting a mixture of nitre and zinc filings 
into a red-hot crucible. 

VIII. Zinc, in its metallic state, has very little affinity for sulphur. 
A mixture of the white oxide of zinc and flowers of sulphur combines, 
however, ifito a yellowish brown mass. Water, impregnated with 
sulphuretted hydr<^n, decomposes, after some time, the solutions of 
zinc, and forms a yellow precipitate, which is probably a hydro-sul- 
phuret Mr. E. Davy, however, by passing the vapour of sulphur over 
melted zinc, obtained a ivhite crystalline substance, resembling the 
natural compound of zinc and sulphur, called phosphorescent hvende* 
The native sulphuret has been analyzed by Dr. Thomson, and found 
to consist of 

• Berzelins. . f WoUaston. 



S3B«T.Xni. miSMUTB. Ill 

■ m 
Zinc . . . 67.19 • . 100. • • 214.40 

Salpbur . . d£.81 • . 48.84 • . 100. 



100. 148.84 314.40 

* IX. Zinc combines with phosphorus. The phosphuret of zinc is 
of a whitish colour and a metallic lustre not unlike lead. It has 
some malleability^ exhales a phosphoric amell, aad» at a- high degree 
of heat, burns like common zinc. 

X. ^inc is capable of furnishing alloys with most of the other me- 
-tals. Of these the most useful, brass, has already been mentioned in 
the section on copper. It has been lately proposed to apply zinc to 
the purpose of culinary vessels, pipes for conveying water, sheathing 
for ships, &c.; but it is rendered unfit for the €rst, by the facility 
with which the weakest acids act upon it; and for the rest by its con- 
siderable, though slow oxidation when exposed to air and moisture. 



SECOND CLASS. 

METALS THAT ARK BRITTLS ANX> £A8ILT FVSBB. 



SECTION XIII. 

Bismuth. 

BisMTTTH has a reddish white colour, and is composed of broad 
brilliant plates adhering to each other. Its specific gravity is 9.823, 
but is increased by hammering. It breaks, however, under the ham* 
mer, and hence cannot be considered as malleable; nor can it be 
drawn out into wire. 

I. Bismuth is one of the most fusible metals, melting at 476^ Fah- 
renheit; and it forms» more readily than most other metals, distinct 
crystals by slow cooling. 

II. When kept melted at a moderate heat, it becomes covered 
with an oxide ot a gr^nish grey or brown colour. In a more violent 
heat it is volatile, and may 1^ sublimed in close vessels; but, with the 
access of air, it emits a blue flame, and its oxide exhales in the form 
of a yellowish smoke, condeosible by cold bodies. This oxide is veiy 
fusible; and is convertible, by heat, into a yellow transparent glass. 
It is the only oxide of. bismuth with which we^^re acqusMutad; and; 
consists, according to the experiments of Lag^rhjelm,* of 

* 4 Thomson's Annals, 357. 
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Bismuth • . . . 89.863 . . . 100. 
Oxygen . . . • 10.137 . . . 11.28 

100. 

III. Sulphuric acid acta on bismuth, and sulphurous acid is dise^ 
gaged. A part of the bismuth is dissolved; and the remainder is 
changed into an insoluble oxide. The sulphate, on the same authoiitj, 
is stated to consist of 

Oxide of bismuth . . . 66.353 ... 100. . 
— sulphuric acid . 33.647 .... 50.71 

• . 100. 

Besides the neutral sulphate, Berzelius describes a sub-sulphate of 

Oxide of bismuth .... 85.5 . • . 100 
■ sulphuric acid • . 14.5 ... 17 

♦ 100. 

^ IV. Nitric acid dissolves bismuth witii great rapidity. To one 
part and a half of nitric acid, add, at distant intervals, one of bis- 
muth, broken into small pieces. The solution is crystallizable. It 
is decomposed when added to water ; and a white substance is pre- 
cipitated, called mas;istery of bismuth, or pearl-white. It consists of 
hydrated oxide of bismuth with a^ small proportion of nitric acid. 
This pigment is liable to be turned black by sulphuretted hydn^n, 
and by the vapours of putrefying substances in general. 

V. Muriatic acid acts on bismuth. The compound, when deprived 
of water by evaporation, is capable of being sublimed, and aiiords a 
soft salt, which deliquesces into what has been improperly called 
butter of bismuth; The same compound is obtained by introducing 
finely divided bismuth into chlorine gas, when the metal takes fire, 
and burns with a pale blue light It is the only known combination of 
bismuth and chlorine, and was found, by Dr. Davy, to contain 66.4 
per cent of the metal, and 33.6 of chlorine. 

YI. Bismuth is capable of forming the basis of a sympathetic ink • 
The acid, employed tor this purpose, must be one that does not act on 
paper, such as the acietic. Characters written with this solution be- 
come visible, when exposed to sulphuretted hydrogen. 

VII. Bismuth combines with sulphur, and forms a bluish ^rey sul- 
phurqt, having a metallic lustre. Lagerhjelm has analyzed it, and 
found it to consist of 

Bismuth • . . . 81.619 .... 100. 
Sulphur .... 18.381 .... 22.52 

100. 
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VIII. Bigmuth is capable of bdtig alfaii^eirwith most of the metals^ 
and forms with some of them compounds of remaricable fusibilitr. 
One of these is Sir Isaac Newton's /im&2€ metai» It consists of eight 
parts of hismath» five of lead, and three of tin. . When thrown into 
water^ it melts before it is heated to the boiling point It is from thia 
pr(^>ert7 of forming fusible alloys, that bismum enters into the«coiii* 
position of several of the sa^t saiders, which, indeed* is its principri 
use. 

Bismuth has the singular property of depriving gold of its ductility; 
even when combined with it in very minute propprtion. This effect 
is produced by merely keeping gold in fusion near bismuth raised t^ 
the same temperature. 



SECTION XIV. 

Antimony, 

I. Antimony, as it occurs under tliat name in the shops, is a natural 
compound of the metal with sulphur in the proportion, as stated by 
Proust, of 79 antimony and 2^ sulphur. To c^tain it in a metallic, 
state, the native sulphuretis to be mixed with two-thirds its weight 
of supertartrate of potash (in the state of crude tartar), and one-third 
of nitrate of potash deprived of its water of crystallization. The 
mixture must be projected, by spoonfuls, into a red-hot crucible ; and 
the detonated mass poured mto an iron mould greased with a little 
fat The antimony, on account of its specific gravity, will be found at 
the bottom adhering to the scorie, from which it ma^ be sepii^rated by 
a hammer. Or two parts of the suiphuret may be fused in a covered 
cruciUe with one of iron filings, and to these, when in fusion, half a 
part of nitre may be added. The sulphm* quits the antimony, and 
eomlHoes with die iron. 

In order to obtain antimony in a stale of complete purity, the 
isetal, resulting from this operadon, must be dissolved in nitro- 
muriatic acid, and the solution must be poured into water. A whits 
powder will precipitate, which must be dried, mixed with twic« 
its weight of crufie tartar, and fteed in a crucible, when the pure 
metal will be produced. 

II. Aatimonj in its metallic state (sometimes called reguius of 
tLntimony) is of a silvery white colour, very brittle, and of a platea, 
or scaly texture. 

III. I tjs fused by a heat of about 810^ Fahrenheit ; and crystallizes, 
en cooling, in the form of pyramids. In close vessels it may be 
volatilized, and collected unchanged. 

IV. It undergoes little dhange when exposed to the atmosphere at 
its ordinary temperature; but when fused, with the access of air, it 
emits white fumes, consisting of an oxide of the metal. This oxide 
had formerly the name of argenimefl^€'P8 of antimony* The vapour 

VoL.IL~P 
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ef water, brcraght into contact with ignited antimony, is decomposed 
wiUi 80 much rapidity, as to produce a series of detonations. 

v. Antimony, it has been supposed by Thenard, is susceptible of 
f evetai degrees of oxidation ; but these, according to Proust, may be 
all reduced to two. The first oxide may be obtained by pouring the 
muriate of antimony into water, and washing the precipitate with 
water containing a small quantity of potash. When* dry, it is of a 
dirty white colour, witho«t any lustre. It melts at a moderate red 
heat, and becomes opaque on cooling. It is composed of 

Antimony 81^ • • • • 100. 

Oxygen 18.5 .... 827 

100. 

The oxide at the maximum may be procured by collecting the 
flowers of antimony already described, or by causing the nitric acid to 
act on the metal, or by projecting it into melted and red-hot nitre. This 
oxide is of a white colour, and is much less soluble in water than the 
protoxide. It is, also, less fusible, and may be volatilized at a lower 
temperature, forming white prismatic crystals of a silvery lustre. It 
is composed of 

Antimony , . , . . 77 100 

Oxygen ...... 23 .... . 30 

100 

» 

The oxides of antimony have been investigated by Berzelius,* who 
describes four degrees oi oxidation in that metal. The first, or su^ 
oxide^ is obtained by the long exposure of antimony to a humid at- 
mosphere, or by making that metal the positive conductor in a Gal- 
vanic arrangement, pure water being employed to complete the 
circuit. To procure tke sub-oxides, the antimony must be reduced to 
powder, and placed under water in contact with a platinum wire, 
connected with the positive end of the pile. Oxygen gas is disengaged 
from the point of contact, and the antimony is covered with a bluish 
grey flocculent powder, which is lighter than the metaj, and may be 
separated by washimg ^^^h water. It is produced so sparin^y, that 
enough could not be obtained for analysis, and its composition was, 
therefore, deduced by calculation* 

This second oxide (called by Berzelius the oxidtde) may be ob- 
tuned fcpm muriate of antimonjr by an alkali. Wheti the precipitate, 
which at first is a hydrate, is dried and heated, the oxide assumes a 
dull white colour, verging on grey. In a red heat^ it fuses into a yel* 
lowish fluid, which, on cooling, becomes an almost white mass, crys- 
tallized something like asbestus. 

.* 86 Aim. de Qhim. 225. 
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The tftirdE, or white oxide, wasrfonsed by disQolrkig antimony in 
fiifric acid, and evaporatkig and ignittiig the prodttct; ot by dissolv- 
ing in nitro^muriatic aeid, decomposing b]jr water, ivashing the pre* 
cipitate, and calcining it in a platinam crucible. Its colour, when pro^ 
perly prepared, is perfect or snow white. 

'tnefourtky or j^ellow oxide, was obtained by Berzelius in the fol* 
lowing manner: Powdered metallic afttknony was fused, daring an 
hour, iii a siWer 'emcible, with six times its weight of nitre; and the 
fused mass was washed^ first with cold and then wil^ boiling water. 
The liquid was evaporated to dryness, and digestied many hours with 
nitric acid. The white powder, insoluble in nitric^ acid, was gently 
heated in a small platinum crucible, and assumed a fine lemon yellow 
colour. A similar product was obtained by mixing powdered annmony 
with pure oxide 6t mercury. An olive suWance was produced, which, 
by long exposure to heat, assumed a straw yellow c(4our. This oxide,; 
by a strong heat, loses ajbout 6^ per cent of oxygen, and is changed' 
into the white oxide. ^ 

The composition of these four oxides is thus stated by Berzelius : 

Metal. Oxygen. Metal. Oxyg^t. 

1. Sub-oxide . . . 96.826 . . 3.174 . . 100 . . 4.65 

2. Oxidule . . . 84.317 . . 15.683 . . 100 . . 18.60 

3. White oxide,* • 78.19 . .• 21. 81 . . 100 . , 24. 8 

4. Yellow oxide . . 72. 85 • . 27.15 . . 100 . .37.2^ 

It is probablerfrom the law of defii^te proportions, that thefinit or 
sab^ixide will prove to be ^ mechamcal mixtureof metallic antimony 
with the second or axidule, wlnch,,tn'that case,' will be the im^proi-' 
oxide* If this be established, it will afford another example of the 
general principle, that in protoxides, the oxygen is equal to half the 
sulfur of the sulphnret. 

The white and yellow compounds of oxygen and antimony ought, 
indeed, to be arran^d amon^ acids, rather than amons oxides; for 
each of them combines with salifiable bases, and affords a class tk 
salts. The first may be called the antimonious acid, and its com^ 
pounds antimonites J the second the antimonic acid, and the salts, 
which it composes antimoniates* These names appear to me prefer- 
able to those which have been derived, b/y Berzelius, from the Latin' 
appellation stihinmt viz. stibious, and stiMc acids. For a detail of« 
the properties of these saline comMnafdons, I refer to the memoir al* 
ready quoted, and to the 5th volume of Ann. de €hira. et Phys. 

VL Antimony combines with sulphur, and forms an artificial sul- 
phuret, exactly resembling; the native compound, which last. may be 
employed, on account of its cheapness, for exhibiting the properties 
of sulphuret oC antimony. The proportions^ of its ingredients, as 
stated by Berzelius, differ from those assigneid by Proust, vizi 

,• * ■ •- » . 

Antimony ... 72.86 . v 100. . * . ^70 
Sulphur . . . 27.14 . ._ 37.25 . . .100 

loa 
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1. Wh€n native gulf^iiret of atitlmoay (fretj^aenthr cidted crude 
antimoDy) is glowly nmsted in a shallow yessel) it graonallj loses its 
•nlphur, the metal attracts oxygen, and is mostly comreited into a, 
grey oiide. This, being melted in a strong heat, acquires a reddish 
coloor« and runs into a glassy substance^ transparent at its ed^s, and 
term^ gktaa of (tntwumy^ It consists of eight parts of protoxide and 
one of snlphttret, widi ten per ceM, of si)e& The same quantity oF 
aside and two. of sulphuret aive an opaqoe compovnd, of a red cmoar 
incKning to yellow ; and called crocsis metallorum. With eight parts 
of oxide and four of sulphur, we obtain an opaque mass of a dark red 
colour, caUe(]l liver of antimony* In all these compounds, the oxide 
is at its miaimiitei of oxidatioii; for the peroxide is incapable of did- 
solring the sulphoret 

SL When fosed with potash, a tri^ compound is formed, cotti- 
poscd of idkali, sulphur, and antimony. Or the combination ma.y be 
eflfected, in the humid way, by boiling the powdered native aulpharet 
with pure potash. The solution, on cooling, deposits an bydro^^ul- 
phucetted oxide, in which the oxide prevails, called A^emtes mhietitL 
The addition of a dilute acid to the cold solution, precipitates a com^ 
pound, having the same ingredients, but a larger proportion of sul- 
phur, and called golden sulphur of antimony^ ' 

3. When the sulphuret of antimony is detonated with twice its 
Weight, or upwaids, of powdered nitre, the sulphur is oxygenated by 
(he oxygen of the nitric add; sulphate of potash is formed, and an 
oxide 01 antimony is obtained, varying in its degree of oxidation, with 
the proportion ot nitre which has been employed* The oxide remains, 
after washing away the sulphate with boiling water. If four times its 
wisight of nitre be eraptoyed, the metal gains S^per cent* of oxygen, 
and acquires somewhat of the character of an acid; since it formsy 
with potash, a crystallizable compound. 

VII. Antimony is dissolved by most of the acids. Sttlpboric acid 
is decomposed by it; sulphurous acid beiD^ dissengaged, and an oxide 
formed, of which a small proportion only is dissolved by the reniain>- 
inr acid, constituting a sub-sulphate. Nitric acid dissolves this iai&» 
tal with great vehemence; but muriatic acid acts on it very feeblj^, 
oven by loiig digestion. The most convenient solvent is the nitro- 
muriatic acid, wlueb, with the aid of heat, dissolves it either in its 
regttline state, or as existing in the native sulphuret With oxy-m«i« 
riatic acid, it forms a compoiund of a thick consistence, formerly call-. 
ed InuUer of antimony. This may be obtained, by exposing black sul- 
phuret of antimony to the fumes of oxj-muriatic aod, and by subset 
qaent distillation; or b;j^ distilling the powdered metal with twice its 
wei^t of corrosive muriate of mercury; or by the action of nitro^mix- 
riaiic acid on metallic antimony.* It may be formed, also, I7 the 
combustion of antimony in chlorine gaa, witn which, according to Dr. 
John Davy, it unites in the following proportion: 

Antimony . . 66 . • 100 • . 150 
Chlorine • • • 44 • . 67 . • 100 

100 
* fiobiduet in Ann. de Chim. et P^yt. iv. 105. 
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On {Mnlring ibis compound, Which may be termed cMoride of anti^ 
mony^ into water, a White hydrate, containinp^ gome muriatic aiM» 
fiills down, called powder of algwfotiu This furnishes a delicate 
test of the presence of aatimmijr in soUitions effected bf miiriatb 
acid, and ooataining that inetaL in very small proportion, along with 
tin or others. 

VIII. Antimony enters into combination with most of the metals* 
it destroys the ductility of ^^old, even when it composes only l-2000th 
of the whole mass, or when. its fumes alone come into contact with 
melted gold. The most important of its alloys is that which it forms 
with lead. In the proportion of one part to sixteen of lead, it com- 
poses the metal fbr printers' types, it may be alloyed with tin, but 
if its proportion in the alloy exceeds one-fourth, the Hn loses its duc- 
tility. Tin, atso» by combination with more tiian on^twentieth of 
its weight of antimony, acquires the insolubility of the tatter metal 
in mniriatic acid.* In analy^ne compounds of tin and antiitionv, it 
is necessary first to make an alloy, in which the antimony shall not 
exceed the above proportion of l«^th part, for then concentrated 
muriatic acid, by digestion with this alloy, dissolves the tin» and kavea^ 
the antifnony* 



SECTION XV. 

TeUuriuiti. 

1. TtitLURitrM WHS discovered, by Klaproth,t in an ore of gokt. 
His process, for extracting it, consists in the solution of the ore by 
nitro-muriatic acid, dilution with water, and the addition of pure pot** 
ash, which throws down all the metals that are present; and, wnen 
added in excess, re-dissolves' a white precipitate, which it at first oc- 
casions. To the alkaline solution, muriatic acid is then added; a 
precipitate again i^appears; and this, when dried, and heated with 
one^twelfth its weignt of charcoal, or with a small quantity of oil, in 
a glass retort,, yielos tellurium, in the form of small brilliant metallic 
drops, lining the upper part of the bod^ of the retori— One hundred 
parts of the ore yield above 90 of tellurium. 

II. 1. The colour of this metal is ftn-white, verging to lead-grey; 
it has considerable lustre, and a foliated or scaly fracture. It id very 
brittle; is fusible at a temperature below ignition; and, excepting os~ 
mium, quicksilver, and selenium, is the most volatile of all metals. 
It is the lightest of the metals, the based of the alkalies and earths 
excepted, having the specific gravity of only 6.185. 

2. It is oxidized when heated in contact with air; and burns with 
a sky-blue flame, edged with green. Upon charctial, before the blow- 
pipe, it inflames with a violence resembling detonation; exhibits a 

♦ Ann, de Chim. et Phys. iii. 380. 
I* Contributions, U.l. 
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iHfid fl^lme; and entirely flies off in a grey smoke, having a peculiarly 
oauseoas smell. This smoke, when condensed, and examined in 
quantity, is found to i>e white with a tint of yellow. It is fosifoie 
by a strong heat, and volatile at a still higher temperature. It not 
only unites as a base with acids, but also itself possesses the charac- 
ter of an acid, and forms a class of salts, which may J)e called iAhi^ 
rdtes. It is composed, according to Rlaproth, of 

Tellurium • . 83 . . 100. 
Oxygen . . . ir . . 20.5 

100 '*'* 

Berzelius^ however, determines the quantity of oxy^n, absorbed 
by 100 of tellurium, when changed into oxide, to be 27^3. 

S. Tellurium is soluble in nitric and nitro-muriatic acids. The 
saturated solution is decomposed by the mere addition of water, 
which throws down a white powder; but this is again dissolved on 
adding more water. Chlorine unites with tellurium, and forms a white 
femi-transparent compound, which is decomposed when added ta 
water. It consists, according to Sir H. Davy, of 100 tellurium united 
with 90.5 chlorine. From iU solutions it is precipitated in a metallic 
iJMtn, by iron, zinc, tin, and even b^ muriate of tin. Carbonated and 
pure alkalies precipitate the telluric oxide united with water, in the 
form of a white hydrate; and the oxide is re-dissolved by an excess 
of alkali or carbonate. Alkaline sulphurets throw down a dark brown 
or blackish precipitate.^ Tincture of galls produces a flocculent yel- 
low precipitate. The solutions of this metal in acids are not decom<> 
posed by prussiate of potash; a property which tellurium possesses is 
common with sold, platinum, iridium, osmium, rhodium, and antimony* 

Tellurium forms two distinct compounds with hydrogen, the one 
of which is solid and the other saseous — 1st. By making tellurium 
Ihe negative surface in water, in the Galvanic circuit, a brown powder 
is formed, which is a solid hydruret of teUurium. 

2dly. Bv acting with dilute sulphuric acid, upon the aHoy of tel- 
lurium ana potassium (which may be obtained by heating a mixture 
of solid hydratjf potash, tellurium, and charcoal,} we obtain a pecu- 
liar gas. This gas has a smell resembling that of sulphure^d hydn^en. 
It i» absorbed by water, and a claret-coloured solution results, which 
by exposure to the air, becomes brown, and deposits tellurium. After 
being washed with a small quantity of water, it does not affect vege- 
lable blue colours. It burns with a bluish flame, depositing oxide of 
loHurium* It unites with alkalies; precipitates most metallic solu- 
tions ; and is instantly decomposed by chlorine g^s. It may be caM-- 
^UUuretkd hydrogen gas. According to Berzelius, it is constituted 
of 100 -parts of tellut ium with a littie less than two parts of hydrogen. 
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SECTION XVI. 

Selenium. 

In the chambers for manubcturiBg sulphuric acid^from the sulphur 
which IB procured at Fahlun in Sweden, a reddish mass is deposited, 
which is priucipally sulphur. This substaiice» in burning, save out an 
odour, which induced Berzelius to suspect that it contained tellurium, 
but on a minute examination he discovered, instead of that metal, one 
with entirely new properties, to which he has riven the name of 
selenium. The process, by which it was extracted, is not described, 
and on that account, as well as of the scarcity of the substance whkh 
affords, it, I s^iall give only a very general view of its properties. 

Selenium has a grey colour, and a very brilliant metallic lustre, and 
possesses a small but scarcely perceptible degree of transparency. It 
softens at ^l'^^ Faht, and completely fuses at a few degrees highec 
WhUe cooling, it has a considerable degree of ductility, and may b^ 
kneaded between the fingers, and drawn out into fine threads, whici 
have a strong metallic lustre. When slowly cooled, it assumes f. 
granulated fracture, and is extremely like a piece of cobalt. At f 
^mperature nearly equal to that of boiling mercury, selenium entem 
into ebullition ; and condenses, either into opaque metallic drops, of» 
when a retort with a large neck is used, into flowers of a fine cinnabar 
colour. 

When heated before the btow-pipe, it tinges tlie flame of a fin^ 
azure blue, and exhales so strong a smell of horise-radish, that a fra^ 
ment, not exceeding l-50th of a grain, is sufficient to fill the air of ii 
lai^e apartment 

Selenium unites with the different metals, and the union is, in manjr 
cases, accompanied with ignition. The selenuret of potassium has a 
metallic lustre, and a greyish white colour. Its solution in water his 
the colour of strong ale, and a smell resembliqg that of sulphuret of 
potash. Acids disengage, from* this solution, a gas^ which appears to 
be a solution of selenium in hydrogen gas. A small bubble of this 
^a8,not exceeding a pea in size, when drawn into the nostrils, excitfd 
inflammation of their membrane, and symptoms of catarrh, which did 
not subside for several days. 

Selenium unites with the fixed alkalies, both in the moist way apd 
by fusion; and the compounds have a cinnabar-red colour. It dis- 
solves in fixed oils, and tne solutions are red, but have not the hepatie 
smell of solutions of sulphur. 

Selenium dissolves in nitric acid with the assistance of heat ; and 
the resulting compound, after evaporation to dryness, may be easily 
sublimed into crystalline needles, which are often a foot in lengih. 
This sublimate is soluble in water and in alcohol, and has the taste 
and ail the propertiies of an acid.' It may, therefore, be called selemfi 
acu{, and its compounds aeleniates. The alkaline seleniatea are not 
readily crystallizable; and they attract moisture from the atmosphere. 
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If a little muriatic acid be add^d to the solutiom of a seleniate ia 
water, and a plate of zinc be then introduced, the selenium is pre- 
cipitated in a metallic state. Selenic acid is decomposed bj sulphu- 
retted hydrogen, and an orange-coloured precipitate is obtained, 
which becomes red when dried. When a slip ot paper, moistened 
with solution of selenic acid, is exposed to a current of sulphurous 
acid gas, the selenium is revived in the form of a film resembling 
gold. 

It has been doubted whether selenium can, with propriety, be class« 
€d among the metals. But though it scarcely, cbnducts caloric, and is 
a non-conductor of electricity, Berzelius \% still of opinion, from a 
review of its other properties, that it is fully entitled to be considerecl 
as a metal; and thaPt its proper place is among the acidifiable metals, 
near to arsenic* 



SECTION XVII, 

Arsenic. 

L Arsenic, as it is to be found in the shops, occurs in the state of 
a white oxide, from which the metal may be obtained by the fallowing 

grocess. Mix two parts of tiie white oxide with one i>art of black 
ux (prepared by detonating, in a crucible, one part of nitre with two 
#f crystals of tartar;} and put the mixture into a crucible. 'Invert 
over this another crucible; lute the two together, by a mixture of 
clay and sand; and apply a red-heat to the lower one; keeping the 
upper one as cool as possible. The arsenic will be reduced ; andTmll 
be found lining the inside of the upper crucible in a state of metallic 
. brilliancy, not unlike polished steel. Its specific gravity is 8.31. It is 
ao extremely brittle, that it may be reduced to powder in a mortar. 

II. Metallic arsenic is readily fusible, and is volatilized at 356®. 
In close vessels it may be collected unchanged ; but when thrown on 
a red-hot iron, it burns with a blue fi^me and a white smoke; and a 
strong smell of garlic is perceived. 

III. All the mineral acids act on arsenic ; but not considerably^, 
unless they are heated. In oxy-muriatic acid gas, however, arsenic 
burns vehemently. 

IV. A mixture of oxy-muriate of potash and arsenic furnishes a 
detonating compound, which takes fire with amazing rapidity. The 
salt and metal, first separately powdered, may be mixed by the 
gentlest possible triture, or rather by stirring them together on paper 
witli a knife point If two long trains be laid on a table, the one 
of gunpowder and the other of this mixture, and tliey be placed in 
contact with each other at one end, so that they may be fired at once, 
the arsenical mixture burns with the rapidity of lightning; while the 
«ther burns with comparatively extreme slowness. 

* Thomson's Annals, zi. 291, Sr4, 447, adi. 13; and Ann. de Ckim. et Phys. 
-^L 199. 
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V. Arsenic combines with most of the metals. It has the property, 
of giving a white stain to copper. Let a small bit of metallic arsenic, 
or a mixture of the white oxide with a little black flux, be put be» 
tween two small plates of copper; bind these close! Jt together with 
iron wire; and heat them, barely to redness, in the fire. The inside 
of the copper plates will be stained white. 

YL Arsenic, by exposure to the air, is tarnished, and becomes con* 
verted into a bulky blackish powder. In three months. Berzelius 
found that 100 parts acquired an increase of 8.475; and he is dis- 
posed to consider the product as' an oxidule ; but it is probably nothing 
more than a mixture of arsenic and arsenious acid, into bom which, 
indeed, it is resolved by heat Only two combinations of arsenic and ' 
oxygen have hitherto been clearly ascertained'; and both are possess- 
ed cS" acid properties. 

The white oxide of arsenic has the following properties: 

1. It has an acrid taste, and is highly poisonous. 

^ It is soluble in water, which, at the ordinary temperature, takes 
up one-eightieth. According to La Grange, it is soluble in one-twen* 
ty-fourth of cold water, or one-fifteenth of hot Other statements . 
have been given considerably differing from these; and RIaproth was, 
therefore, induced to examine its degree of solubility with great at- 
tention. A thousand grains of cold water, left in contact with the 
white oxide during £4 nours. and frequently agitated, dissolved onlv" 
2} grains. But 1000 grains of boiling water took up 77| grains; and., 
after being left three ^ays to cool, and to deposit the crystals which 
separated, still retained in solution 30 grains. Bucholz has since pub-r 
lisned results, which agree, very nearly, with those of Klaproth. But 
the niost elaborate experiments are those of Fischer of Breslau. Ac- 
cording to these, white oxide of arsenic is insoluble in water, and 
when acted upon by water, one portion of the oxide acquires oxygen 
from another, and ^becoming acidified, is rendered soluble. This is 
the reason why the undissolved portion loses its colour, and becomes 
of a dirty yellow. Of boiling water. 12.3 parts dissolve one of arsenic ; 
but at the common temperature of the atmosphere. 66j parts of 
water take up only one part* 

The solution of the white oxide of arsenic has an acrid taste, and 
reddens vegetable blue colours. When slowly evaporated, the oxide 
crystallizes in regular tetrahedrons. The oxide is. also, soluble in 70 ' 
or 80 times its weisj^t of alcohol, and in oils. At 383° Fahrenheit it 
sublimes; or. if suddenly heated out of tiie contact of air. runs into 

3. The composition of the white oxide of arsenic, or arsenous acid, 
has been investigated by several chemists, with the following results*. 
It consists. 

• Thomson's Annals, vii. 33. 

Vol. IL—Q 
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Arsenic. Oxygtn, Arsenic. OzyK«n. 
According to Proust, of . . . . • 75.2 . . 24.8 . . 100 . . 321979 

Thenard,of . . . . 100 • .34.694 

Berzelius, of 74.48 . . 25.52 . . 100 . . 34.263* 

Do. co|*rected .... 69.63 . . 30.37 . . 100 • . 43.616 

Thomson, of ... . . . . . 100 . . 34.930 

It has been justly observed, however, by Dr. Thomson,t that the 
r^salt, which Berzelius considers as the most correct, is probably the 
least so; not only on account of its want of accordance with other 
determinations, but on account of the complicated process, by which 
it was obtained. On the whole, it appears probable, that 100 parts of 
arsenic, to become the white oxide, comfiine with between 34 and 55 
parts of oxy^n. 

4. Oxide of arsenic combines with the pure alkalies to saturation; 
and hence it fulfils one of the principal functions of an acid. It has 
therefore been called arsenotis acid, and its compounds ar smites. 
They may be formed by simply boiling the arsenous acid with the 
respective bases and a sufficient quantity of water; or by double de- 
composition. Thus arsenite of lead may be prepared, by mixing the 
solutions of nitrate of lead and arsenite of potash; and tne fine men 
pigment called 8cheek*s green, by mixing the solutions of arsenite of 
potash knd sulphate of copper. 

^ 5. The arsenous acid, or rather the arsenic which it contains, by 
distillation with sulphur, affords either a yellow substance, called or- 
piment, or a red one, termed realgar. The *oxygen, uniting with 
sulphur, escapes in the form of sulphurous acid. Both these com- 
pounds are sulphurets of arsenic^ varying in the proportion of their 
components. Orpiment contains three parts of sulphur and four of 
arsenic; and realgar one part of sulphur and three of arsenic. Hence 
realgar, by fusion with an additional quantity of sulphur, may be 
changed into orpiment; and the latter, by an addition of arsenic be- 
comes realgar. The opinion of Laugier, that both are sulphurets at 
the same degree, combined with di^rent proportions of white arse- 
nic, is combated by Berzelius, who could not extract any arsenioas 
acid from orpiment4 

6. By repeated distillation witii nitric acid, ai^enous acid is changed 
into arsenic acid. The same change is effected, also, by exposure to the 
vapour of oxymuriatic acid, and me subsequent expulsion, by heat, of 
the common muriatic acid. By both these processes, a white concrete 
substance is obtained, termed arsenic acid. The process recommended 
bj Bucholz is to mix two parts by weight of muriatic acid of the spe- 
cific gravity 1.200, twenty-four parts of nitric acid of the specific gra* 
vlty 1.25, and eight parts of white oxide of arsenic. The whole may 
be evaporated to dryness, and gently ignited in a crucible. 

VII. 1. The arsenic acid has a sour, and at the same time, a me- 
tallic taste. It reddens vegetable blues; attrncts humidity from the 
atmosphere; and effervesces strongly with solutions of alkaline carbo- 

* Corrected by him afterwards to 31.77. f Annals, iv. XTi. 

i Ann. de Chim. et Pbys. t. 179. 
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D&tBs. WImd eira{)orftteil,^ it asMim^ tbe coasistence of jellr* and 
does not crystallize. It is a most active poison* With alkaiies, 
earths, and oxides, the arsenic acid constitute a class of salts called 
arsenates. The arsenate of potash may be obtained in ft fnore simple 
manner, b j detonating, in a cracible, a mixture of nitrate of potash 
widi arsenous acid. 

' The statements of the composition of arsenic acid diSer from each 
other not less than those of tne white oxide. It is composed, 

■ 

Aiteenic. ] Oxygen. Arsenic. Oxygen. 
According to Proust, of . • . 65.4 . . 34.6 . . 100 • . 52.905 

Thenard, of . . 64. . . 36. . . 100 . . 56.250 

'■ Berzelitts, of . . 66.038 . . 33.962 . . 100 . . 51428* 

Do. corrected , . 58.366 . . 41*634 . . 100 . .71.33$ 



-^ Thomson, of . . . . -r-^ • • 100 . . 52.4 



In this case, also. Dr. Thomson prefers, and it appears to me with 
reason, the first determination of ^erzelius, as more nearly approach- 
ing the jtruth than the second. Dr. Thomson's result was obtained 
by the direct acidification of metallic arsenic by nitric acid; and, 
though not coincident with the analysis by Thenard, jet it agrees 
ivith the number, obtained by assuming the proportions, given by that 
diemist, for the white oxide, and with his assertion that 100 parts of 
arsenous acid are changed into arsenic acid, by 16 parts of oxy^n. 

2. When tin is dissolved in af senic acid, an inflammable gas is dis- 
engaged, as was observed by Scheele, consisting of «hydro^en gas, hold* 
ing arsenic in. solution. It m^ be obtained, also, b^ addmg powdered 
metallic arsenic to a mixture of diluted sulphuric acid aiid zinc filings. 
The greatest caution should be used to avoid its deleterious effects, 
which were fjttal to the late M. Gehlen.t 

This gas (to which^ perhaps the name of arsenuretted hydrogen is 
best adapted) has the follov^ing properties: 

(a^ It is a permanently elastic and invisible fluid, of the specific 
gravity, compared with cbmmon air, of 0.5293; but its specific gra- 
vity is variable, in consequence of the admixture of different propor- 
tions of hydrogen gas. 

Sit has a fetid smell, resembling that of garlic. 
It extinguishes burning bodies. 

(e^) It is not absorbed by water in any notable degree; and has no 
effect on the blue colours of vegetables. 

(e) It burns with a lambent white flame, and a disagreeable odour; 
and emits, during combustion, fumes of arsenous acid. 

(/) When mingled with oxymuriatic acid gas, heat is produced, a 
diminution ensues, and metalhc arsenic is deposited. \ Soap bubbles, 
blown with a mixture of this and oxygen gases, burn with a blue 
flame, a white smoke, and a strong alliaceous smell. 

(g) A stream of arsenuretted hydrogen gas, issuing from a bladder 
fittea with a stop-cock, and set on fire in a large receiver filled witk 
oxygen, bums with a blue flame of uncommon splendour. 

* Corrected afterwai^ to 52.96; Ann. de Chim. et Phys. y. 179. 
t 95 Ann. de China. 110; and Ann. de Chini. et Pbyt. iii. 135, 
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(h) One cttbic inch of the gas contains about one-fourth of a gram 

of metaUlc arsenic. 

(i) When 100 measures, in an experiment of Gay Lussac, were 
acted upon by heated tin, 140 measures of hydrogen were evolved. 
Hence three volumes of hydrogen are, in this gas, condensed kito al- 
most the space of two. 

A soHd compound of hydrc^n and arsenic may be formed, by act- 
ing on water with an alloy of potassium and arsenic; and, of course^ 
much less hjrdrogen gas is evolved, than the same weight of uncom- 
bined potassium would liberate from water. It is described, by Gray 
Lussac, as separating in chesfiut brown coloured flocks. There ap- 
pears, indeed, to be a strong affinity between hydrogen and arsenic ; 
for Berzelius found that the recently prepared metal, when distilled 
i^ong with oxide of tin, gave a drop or two of water. 



THIRD CLASS. 

BUITTLB AND DIFFICULTLY FV^SKD. 



SECTION XVIII. 

CohaU. ^ 

1. Cobalt may either be obtained from a substance, which may be 
purchased under the name of Zafifre, by fusing, the zaffre with three 
times its weight of black flux; or it may t)e purchased, at a moderate 
price, in a metallic form. It has lately been found by Stromeyer in 
a meteoric stone from the Cape of Good Hope.* . 

To obtain cobalt in a perfectly pure state, Tromsdorff recommends, 
that the zaffre should be,, three times successively, detonated with 
one-fourth its weight of dry nitre, and one-eighth of powdered char- 
coal. After the last of these operations, the mass is to be mixed with 
an equal weight of black flux, and the cobalt reduced. The metal 19 
then to be pulverized, and detonated with thrice its weisht of dried 
nitre. This oxidizes the iron to its maximum; and acidifies the ar-. 
senic; which last unites with the potash. Wash off the arsenate of 
potash, and digest the residue in nitric acid. This will take up the 
oxide of cobalt apd. leave the oxide of iron. Evaporate to dryness ; 
re-dissolve in nin-ic acid; filter the splution; and decompose it by & 
solution of potash. The oxide pf cobalt, now obtained, may be re-> 
duced by the black flux, as before directed. 

* Thomson's Annals, tx. 249. 
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IL .Cobalt has a ^jish white coloor, lAeliinhg smnewlutrt to pink. 
Its specific gravity is 7.7; it is brittle aiid easily reduced tb powder; 
is not fusiUe witn a less heat than 130° of Wedgwood; and» when 
slowly cooled, may be obtained crystallized in irregular fuisms. It is 
^nerally described to be magnetic; but this property Mr. Chenertx 
imputes to its contamination with a small ^uantit^ of iron. 

By exposure to the atmosphere cobalt is tarnished, but not oxi- 
dized to any extent In an intebse heat it bums witii a red flame; 
buty if pure, it is not easily oxidized by a moderate temperature. Its 
oxide, formed by long exposure to a strong heat, with access of air, is 
of a deep blue, approaching to black. This, from the experiments of 
Thenard, appears to be the pr&toonde. It may be obtained,* also, by 
precipitating the nitrate of ccbsM with potash. The precipitate, whida 
at first is a bright blue hydrate, when dry becomes of so dark a blue 
as to appear black. It dissolves readily m muriatic acid, ^vine a so- 
lution which is green when concentrated, and red when diluted. Its 
solutions in sulphuric and nitric acids are always.red. 

When this oxide is exposed to the atmosphere, it gradually absorbs 
an additional quantity of oxygen; and becomes olive green. Treated 
with muriatic acid, it gives oxymuriatic acid gas, and a red solution 
is obtained. This olive compound Sir H. Davy suspects to be a mix- 
ture of hydrate and oxide of cobalt, and not a peculiar oxide. 

When either of the two preceding oxides is heated in the openair, 
it passes to a flea-brown colour, which gradually becomes black. This 
is the metal oxidated to its maximum. The peroxide dissolves in 
muriatic acid, with a copious disengagement of oxymuriatic acid gas. 
It is insoluble, however, m sulphuric and nitric acids, till it has parted 
with oxygen enou^, to reduce it to the minimum state. It is inca- 
pable, also, of being dissolved in pure alkalies, or of tinging vitrifiable 
mixtures blue. . 

According to the experimc^nts^of Proust, 100 parts of the protoxide 
consist of 

» 

Cobalt .... 83) ... . 100. 
Oxygen .... 16) . . . . 19.8 

100 119.8 

w 

And 100 of tiie peroocide of 

Cobalt 75 ..... loa 

Oxygen ..... 25 .... . 33.25 

100* 

The black or peroxide* heated for half an hour at the bottom of a 
crucible, loses a part of its oxygen, and is reduced to the state of 

protoxide. 

i 

. * Fhilosopbioal Magazine, 3txx. 340. 
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The oadABS-of coimlt require, howerer, farlber inrestijgmtfQn. Kla- 
protii stjCtes thftt 100 parts of cobalt absorb 18 of oxjgeti, to be coo- 
verted into protoxide* But the oxygen of the peroxkle does not» 
either on tiiis or on Brouatfs data, bear the proportion to the okj^ 
in the protoxide, which nii^ht be expected from the law of demiite 
proportiooa. If the oxide, described by Kiapnoth, be reaU j that whkh 
IS composed of one atom of metal and one of oxjgen, the atom of co- 
balt Will weigh 41.5; but if it be, as Sir H. Davy supposes, a deut- 
HDKide, or compound of one atom of metal with two of oxjgen, the 
atom of cobalt muat weigh 83. On the first supposition, the peroxide 
ahould be constituted of 100 metal and 36 ox^en ; and, on tiie secoa^, 
of 100 metal and 35.8 oxygen; and as the former of tlieae nambei^ 
corresponds moot nearlj with experiment, we may consider the prot- 
oxide as the first combination of cobalt and oxygen, and the atom Qf 
cobatt to be represented by 41.5. 

III. The best solvents of cobalt are the nitric and nitro-muriattc 
acids; and the solutions have the singular property of forming sympt- 
thetic inks. One part of cobalt, or, still better, of za€re, ma^ be di- 
gested, in a sand-heat, for some hours, with four parts of nitnc acid. 
To the solution, add one part of muriate of soda; and dilute with four 
parts of water. Characters written With this solution are illegible 
when cold; but when a gentle heat is applied, they assume a beauti- 
ful blue or green colour.* This experiment is rendered more amusing, 
by drawing the trunk and brandies of a tree in the ordinary manii^r^ 
and tracing the leaves with a solution of cobalt The tree appears 
leafless, tiu tiie paper is heated, when it suddenly becomes covered 
with beautiful frtiage. 

^ ly. Oxide of cobalt 4s precipitated by carbonated alkalies from the 
nitric solution, at first of a peach-flower colour, and afterwards of a 
lilac hue. The crystals of nitrate of cdtialt, thrown into a flask fall 
of liquid potash, are immediately decomposed. A blue precipitate is 
formed, which, if the flask be immediately closed, passes to violet, and 
afterwards to red, by becoming the hydrate or hydro^xide of cobalt 
This compound is soluble in cold carbonate of potash and tinges it 
red. The oxide is not soluble in this liquid. The hydrate loses from 
90 to £1 per cenL of w^ter by heat, and is reduced to protoxide. 

v. Oxalic acid throws down, from solutions of cobalt, a rose-coloor- 
ed precipitate. 

VI. Cobalt may be brought to combine with sulphur and with phos- 
^orus; but the compounds have no peculiarly interesting properties. 
The sulphuret is composed, according to Proust, of 

Cobalt ...... ri.5 .... 100. 

Sulphur 28.5 .... S9.8 



100. 



* For some ingenious speculations on the cause of these phenomena, con- 
sult Mr. Hatchett^s paper on the Carinthian molybdato of lead. (Philosophicil 
Transactions, 1796.) 
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This confirms the view, already g^en, of die fttomic constitiiiion 
of the protoxide ; for the oxygen,; which it contaiBs^ is not far from 
being equal to half the sulpbor in the sulphuret. 

VIL It may be alloyed with most of the metals* with the exception 
of bismuth aim zinc. 

. Cobalt, when oxidized^ is the basts of xaffre. This is generally pre- 
pared by roasting from the ore, its volatile ingredients ; and mixing 
wjth the remainder, three parts of sand, or Calcined flints. Zaffie^ 
when fused, forms a blue glass; which, when ground and washed, is 
the substance termed smalts, used as a colouring substance for lineut 
and for imparting a blue colour to glass. 



\ 



SECTION XIX. 

Manganese* 

I. Manganese never occurs in a metallic state; the black sub- 
stance, known by that name, being a compound of manganese, with a 
lai^e proportion of oxygen. The m al is c^tained, by mixing this 
oxide, finely powdered, mth pitch, making it into a ball, and putting 
this into a crucible, with powdered charcoal, one-tenth of an inch 
thick on the sides, and one-fourth of an inch deep at the bottom. The 
empty space is then to be filled with powdered cnarcoal, a cover is to 
be luted on, and the crucible exposea, for one hour, to the strongest 
h^t tliat can be raised. 

II. This ihetal b of a dusky white colour, and bri^t and shining 
in its fracture. Its specific gravity w^ found byI)r.John to be 
8.015; It is very brittle, and even less fusible than iron, requiring a 
heat of 160^ Wedgwood to melt it It is not attracted by the mag« 
aet; except when contaminated with a small quantity of iron. When 
exposed to the air it soon crumbles into a. blackish brown powder, in 
consequence of its oxidation, and becomes in succession grey, violet* 
brown, and finally black* , 

There is a remarkable want of agreement in different statements 
of the composition of oxides of manganese, and even of the number 
of those oxides. Sir H. Davy admits only two, one of a dark olive 
colour, consisting of ^l oxygen to 79 metal^ the other of a dnA bromtk 
colour, containing almost 10 per cent more of oxygen.* Dr. John, in a 
memoir published in the 2d and 3d volumes of Dr. Thomson's Annals, 
enumerates three oxides of manganese, the green, the brown, and the 
black. The green is formed by the action of metallic manganese on 
water, from which it takes oxyg^, and disengages hydrogen |;as, ap* 
patently holding some of the metal in solution* ne finds it to be 
cmaposed of ' 

* £l«Bi|iiiU^ChctB.Phil3^. 
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Manganese. • 87 • « 109. 
Oxjgen : . . 13 . . H.942 

100 

'Hie brown oxide was formed by exposing the last mentioned one' 
to the air, till it ceased to gain weight, and tlien drying; it quickij. 
Its colour was pure deep brown, and it was composed of 



Manganese . . 80 . . 100 
Oxygen .... 20 . . 25 

100 

The third or black oxide was prepared by dissolving manganese in 

Bitric acid, evaporating, and drying by a heat sufficient to expel the 

nitric acid» but not to decompose the oxide. It consisted of 

__ ■ ■ y 

Manganese ; 71.33 . . 100. 

Oxygen . • 28.67 . . 40.19 

loo. 
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The brown oxide still continued to absorb oxygen, when exposed 
to the atmosphere; but the black, when ignited, gave oxygen gas. 

Berzelius* admits the composition of flie green oxide, as stated by 
^Dr. John, with a slight alteration; but correct the numbers indicating 
^ that of tiie second and third, and adds, also, two other oxides, the 
one with less oxygen, and the other with more than any of those which 
have been already cited. The first is obtained by exposing metallic 
manganese in a vessel loosely corked; but there can be little doubt, 
from its properties, that it is a mixture of the metal and the green oxide. 
The second, described by Dr. John, results from the action of water 
oh metallic man^nese; the third from the action of acids; and the 
fourth from calcining the nitrate. The fifth and last is tfie native 
oxide of manganese, which is become important from its use in pre- 
paring chlorine. By exposure to a strong heat, 100 parts of this 
oxide lose 11.3 of oxygen, and a red oxide remains. 

Betzdiw^s Table of the ComposUion.of Oxides of Manganese.^ ' 

MetaL Oxygen, Metal. Oxygen. 

fst oxide 93.435 . . . .6^65 • . . 100 . . . 7.0266 

2d oxide (green) .... 87.68 . * • 12.3£ . . . 100 • . . 14.0533 

Sd oxide (brown) .... 78.10 . . . 21.90 . . . 100 . . . 28.1077 

4thoxide 70.50 . . . 29.50 . . 100 . . . 42.16 

5thoxide . ^ 64i)0 . . . 3&00 . . . 100 . . . 56^15 

• 87 Ann. de Chim. 149. 
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in the {nropcHrtion of 1^ S. 4, 6, 8. But if the first compound fas 
irs to me probable) be not a distinct oxide, the ratio will then oe 



Th)e nttsKbers in the last coktiio, it majtie i^erfed, stand to each 

appears 

that ei 1,2, 3/4. Qay Lussac^ indeed^ has expressed his conviction,* 
that tlie two first oxides do not exist; and that there are in reality only 
three; l$t, the pmtoxidf^ obtained by dissolving manganese in dduted 
sulphuric acid, and precipitating it by a pure alkali out of the contact 
of air; ^, the detttoxide, which remains after calcining the peroande 
or the greater part of the salts of marijganese; and 3d, the peromde, 
or native black oxide. And Berz.elius himself is now disposed to 
g^ve up the two first,t and on the authority of his own experiments, 
to admit three oxides of manganese, with quantities of oxy^n corres- 
sponding to the three last in the above table; the protoxide \mng 
green, aiid the two others black. The red compound of 100 parts w 
manganese witli 37.47 oxygen,' hot agreeing witti the law of definite 
proportions, he considers as a mixture of the two first.| 

The oxides of manganese may be combined with most of the acids* 
When the green or protoxide is precipitated from its solution in an 
acid by a carbonated alkali, we obtain a snow-white compound, which 
is a carbonate of manganese. It is composed, according to Dr. John^ of 

Protoxide of manganese . . 55.84 
Water .......; 10. 

Carbonic acid . • . '• . 34.16 



100. 



Concentrated sulphuric acid has very little action on metallit nan- 

\ ganese; but the dilute acid dissolves it with an extrication of hydro- 

\ sen gas, which has a peculiar smell, resembling asafoetida, probably 

from its holding some of t^ metal in solution. The solution has a 

light rose colour, and gives crystals of the same colour. 

The pure protoxide, ami me carbonate, dissolve in the sulphuric 

, acid in any state of concentration; and a solution is obtained, exactly 

; resembling that which has been described. The first cnrstals, that 

shoot from the solution, are of a faint rose red colour. Tne last are 

white, and cobtaih a great excess of acid. ^ The red crystals are sol^i- 

hie in ^ parts of water, at 55°' Fahrenheit; and are insoluble in alcdhcfl. 

The alkaline carbonates, |Mrussiatel» and phosphates, occasion a white 

precipitate from the ^lution, and are almost the only salts tjliat dof, 

coBipose tins sulfrfmte. It is composed of 



Protoxide of manganese • • 31.00 
Sulfuric acid • . • • • 33.66 
Water 35.34 

loa 

* Ann. de Clam, et Phys. 1, 39. 

t Ibid. v. 150. t Ibid. ri. $Q|.. 
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The .peroxide is not acted upon by sulpharic add* except wbem 
concentrated, or verj little diluted: and it is precipitated again bj 
water added in considerable quantity. 

. Nitric acid» when moderately concentrated, dissolves metallic maii- 
k^nese with an escape of nitrous gas. The solution is colourless; and 
by long continued evapopation, the acid is decomposed, and a black- 
oxide is left. The green oxide and white carbonate also dissolve readily 
in nitric acid, and by particular management crystals may be obtained 

.from the solutions. The crystals deiiquiate by exposure to die air; 
and on the application of heat, melt, ana are immediately decomposed. 

, The black oxide does not dissolve in nitric acid, unless a little sugar 
is added, or some other similar substance. 
- The action of muriatic acid is most important on the black native 

. oxide. According to the old theory, part of the acid acts on one por- 
tion of the oxide; and first reduces rt to the state of protoxide, and 

vthen dissolves it;.' affording muriate of man^nese. The oxygen, thu» 
liberated, uniting with another portion ot muriatic acid, composed 
dxy-muiiatic acid. But» on the theory of chlorine, the hydrogen of 
the muriatic acid is attracted by the oxygen of the oxide, and tbe 
chlorine is merely set at liberty. 

When tlie muriate of manganese is evaporated to dryness, and 
strongly heated, it forms brilliant scales, which, according to Dr. 
John Davy, are identical with the compound obtained by burning 
manganesie in chlprine, and are composed of 

Manganese - . 54 . . . . 100 

Chlorine ....... 46 ... . 85 



100 



Muriate of manganese is a deliquescent salt; it is soluble in aa. 
equal weight of water, and soluble, also,ln alcohol, by which means 
it may be separated from the sulphate. It may be obtained in large 
tabular crystal^, quite transparent, and of a rose colour. If consi- 
dered as a compound of muriatic acid and oxide of manganese, it 
may be stated, to consist of 

Protoxide of manganese . 38.50 

:' Muriatic acid .*.... 20.04 

Water 41.46 



100. 

Dr. John has inveisrtigated, also, several of thecon^binatioasof oxide 
of manganese with vegetable and metallic acids, the details of which 
are contained in his paper. 

The black oxide of manganese has some properties^ which render 
it the subject of amusing experiments. 

1. It imparts to borate of soda, when melted with it, a violet co- 
lour. When this is effected by the blaw-pipci the colour, may be de- 
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«trojed by tiie intserior flame, and again reproduced by the exterior 
one, or by a smaJl particle of nitre.* 

S. When black oxide of mangane&e and nitre, both reduced to 
powder, are mixed together, and thrown into a red-hot crucible, 4ie 
nitric acid is decomposed, and we obtain a compound of highly oxi- 
dized manganese with pojtash; The same compound may be obtained 
by fusing togetlier one part of the black oxide, and five or six of solid 
caustic potash. If has the singular property of exhibiting different 
colours, according to the quantity of water that is added to it. A 
small quantity gives a green solution; a farther addition changes it 
to blue^ more still to purple; and a still larger quantity to a beauti- 
ful deep purple. ^ , 

S. The experiment may be vai-ied, by putting equal quantities of 
this substance into two separate glass vessels, and pouring on the one 
{lot, and on the other cold, water. The hot sohition has a beautiful 
green colour, and the cold one is of a deep purple. The same mate- 
rial, with water of different temperatures, assumes various shades of 
colour; Hence th?s compound has been termed tlie chameleon mine' 
re^L This property is' destmyed by a very small 'quantity of sulphu- 
ret of potast), and by other substances that attract oxyged. 

The properties of this singular substance have been lately investj- 

fited by Chevreul.t To exclude the presence of iron, on which 
cheele suspected its .green colour to depend, he prepared it by fu- 
sing, in a platinum crucible, one part of pure oxide of manganese with 
eight of potash^ prepared with alcohol. The colour of me solution 
was still green, and' ov the addition either of more water, or of car- 
bonic acid or an alkaline carbonate, became successively blue, violet, 
itidigo, purple, and red. The green solution, Chevreul supposes^ is a 
combination of caustic potash with oxide of manganese; and the red, 
of potash, oxide of manganese, and carbonic acid. The intermediate 
colours result from the combination of these in different proportions, 
as may be proved by the direct mixture of a green with a red solu- 
tion. The agency of water, even when carefully deprived of carbonic 
acid, in effecting the same change, shows, however, that the theory 
does not account for all the phenomena. This fact Chevreul explains 
by the action of water in diminishing the attraction between the pot- 
ash and oxide of manganese, in which way he apprehends that car-' 
bonic acid produces its effect. The oxide, both in the green and red 
compounds, he asserts, is at the same degree of o^dation, a degree 
probably ihf(A*ior to that of the native oxide. , 

Messrs. Chevillot and Edwards have ascertained, that the colour of 
die chameleon mineral is owing to oxide ,of .manganese^ and hot to 
any other metal; |hat the contact of oxygen gas with the fused mate- 
liads i» essential to its formation, during which oxj^n is absorbed; 
and lastly thdt the chameleon compouria is susceptime of assuming a 
i>egular crystalli^d form.| - 

lIL Manganese, in its' rilel^ltic dtate, cannot be brought to combine 

* See iUaprotfa, vol. i. page 243. a. 
+ Ann. de Chim. et jPhys, iv. 47. 
? i Jbid, iv.SSr. * 
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with sttlplmr, thoiigh a native compmuid of Hiese two sabstances bas 
been examined by Proust The oxide, however^ unites with sulphur 
by fusion* in the proportion of eight of the former to three of the lat- 
ter; and a compoiind is obtain^ of a green colour* which gives oat 
sulphuretted hydrogen gas by the action of acid<u 

IV. Manganese unites with most of the metals, and composes al- 
loys; none of which are distinguished by important properties* 



SECTION XX 

Chrome. 

This metal is found in an acidified state, and combined with oxide 
of lead, in the red-lead ore of Siberia; in the state of an oxide, in 
tiie green ore accompanying the red one;^and in the emerald, to which 
it communicates its green colour, and in some meteoiic stones* A 
compound of chromic acid with oxide of iron has, also, been discovered 
in France and in America,* and is a much more; abundant product 
than the lead ore of Siberia. 

1. To separate the chromic acid,. the red-lead ore, reduced to pow- 
der, is boiled with twice its weight of carbonate of potash. An orange- 
yellow solution, composed of potash and chromic $.cid, is thus ob^ 
taihed; and when, to this, a mfneral acid is added, and the liquor is 
evaporated, we obtain, !• the salt formed by the acid, which has been 
united with the potash; S. the acid of chrome, in long ruby-<;olonred 
prisms. From this acid the chrome maybe obtained by bleating it 
with charcoal, in the manner already often described. In the cru- 
cible a metallic mass is found, of a greyish white colour, formed of a 
number of needles crossing each other. 

,^ IL This metal is very brittle, infusible, and fixed. Its specific gra- 
vity is 5.9. / 

in. It is susceptible of three states of oxidizement— The first 
oxide is green, the second brown, and a farther proportion of oxygen 
gives the chromio acid. The precise quantity of oxygen in these dif- 
ferent compounds has not yet been ascertained. 
^ IV. The nitric acid alone exerts any remarkable aotion on thi« 
roetal.^ Repeated distillation, with this acid, changes chrome into 
chromic acid, combinable with alkalies. The chromates of alkalies 
precipitate the salts of lead, of a beautiful yellow colour; which is 
now procured in considerable quantity from the American chromate 
of iron, and is highly valuable m painting. Mercur]r is thrown dowfi 
from its solutions hj chromates of alkalies^ of a cinnabar-red hue ; 
silver, of a carmine-red ; and all its metallic combinations are distin- 
guished by peculiar brilliancy of colour. The emerald derives its co- 

* Thoinaon^s Aoaalsy v. TS. > 



lour from the t^iiHie of chrane; and the spuieUe niby from the aiM. 
This property of imparting coloar has suggestedf its aame. 

The combinatioDS of the chromic acia with diiferent bases hftre 
been fully investigated, and described by Vaa€iaelin,tA the 70th vo* 
lume of the dnnales de ChimUf and by Dr. Joba^ in the 4th Tolume 
of Thomson's Annals of Philosophy. It has, indeed, been ktely as- 
serted, that the chrome ai»d is not a simple combination of chromic 
and oxjgen ; but that it always contains a portion of the acid, by 
which it has been precipitated from its alkaline compounds i in other 
words, that no true chromic acid exists.* 



SECTJON XXI. 
Molybdenum* 

L The most common ore of moljrbdenum, was long mistalten for 
plumbago, or carburet of iron, to which it bears, externally, a strong 
resemblance. It is, in fact, a combinatim of stolphnr and the oxide 
of molybdenum. These two components may be separated^ by re* 
peated distillation with nitric acid. To the ore of molybdenum, in a 
retort, six. times its weight oi nitric acid are to bo added, and the 
mixture distilled to dryness^. This process must be repeated four or 
five timet; and, at its close, both the sulphur and molybdenum wiU 
be acidified. The sulphuric acid is expelled by heating the mass in a 
crucible ; and any remuning portions are to be washed off with dts* 
tilled water. The residue (nwlybdic acid) is a white hexfj powdcr^t 
which has an acid and metallic taste; has the specific gravity SA; ia 
soluble in about 1000 parts of water; and forms salts with the alkalies 
and earths. The acid is reduced bv making it into a paste with oil,, 
and exposing it, bedded in charcoal in a crucible, to an intense heat* 
Or (as Hielm recommends]' tiie pre of molybdenum may be repeated- 
ly roasted in a moderate red-heat, till the whole is reduced to a fine 
powder, which may be passed through a sieve. The powder is to be 
dissolved in ammonia, the solution filtered, and evaporated to dry- 
ness. The residuum, being modei:ately heated with a little nitnc 
acid^ gives a white j^wder, which is the pure oxide of molybdenum. 
This may be metallized by exposure to an intense heat with oil oiT 
powdered charcoal. 

II. Molybdenum has a whitish yellow cokmr, but its fracture is a 
whitish grey. It has not, hitherto, b^n obtained in any form, hot that . 
of small brittle grains. It is almost infusible by any artificial heat. Ita 
specific gravity is 8.611. 

It is readil)^ oxidized when heated m contact with air, and is con^ 
verted into a white oxide, which is volatilized in small brilliant 
needle-shaped crystals. Thi9 compound has acid properties. 

* Thott8oii*t Aoiuito, vii. 36« 
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IIL The nitric^ nitro-muriatic, and oxy^muriatic acids aretheonJy 
ones that act on molybdenum. 

IV. Themuriatic»and other acids»acton its oxides, and afford blue 
solutions. •** 

There appear to he only two well ascertained compounds of mo<- 
lybdenum and oxygen. ■ The first is tlie molybdic acid already de- 
scribed. It is composed, according to Bucholz, of 

Molybdenum .... GG.^ •. •> * • ^^ 
Oxygen . . . • . . 3S.3 .... 50 

100. 

Berzelius states the metal at 65.5, and the oxygen at 34.5 in 100 
grains of molybdic acid. 

When one part of powdered molybdenum, and two parts of molyb- 
dic acid, are triturated in boiling water; then filtered ; and the solu- 
tion evaporated at a temperature not. exceeding. 120° Fahrenheit, we 
ob^n a fine blue powder, which is molybdous acid. This acid is 
more soluble in water than the molybdic, and its soluiion reddens 
vegetable blue colours. It is stated by Bucholz to consist of 

Molybdenum .... 74.5 .... 100 
Oxygen ...... 9^JS .... 34 

100. ' , 

- It seems not improbable that there is an oxide, containing a smaller 
proportion of oxygen than the molybdous acid ; and that this acid 
18 constituted of two atoms of oxygen to one of metal. On this 
opposition the atom of molybdenum must weigh about 44; and, in 
molybdous acid, it must be combined with two atoms of oxygen, 
weighing 15; and in molybdic acid with three atoms, weighing 2^.5. 
The oxide, consisting of one atom of metal 44, and one atom of oxy- 
gen 7J5^ remains to be investiffated. 

. The molybdous and molybdic acids unite with salifiable bases, and 
form distinct classes of salts. The latter acid is changed into the 
former by some of those metals, that powerfully attract oxygen. 
Thus a solution of molybdic acid, in which a small rod of tin or zijnc 
tl immersed, becomes blue, in consequence of the partial disoxyeena- 
tion of the acid; and on the skme principle recent muriate oT tin 
throws down, from molybdate of potash, a fine blue precipitate. The 
molybdic acid decomposes the nitrates of silver, mercury, add lead ; 
and the nitrate and muriate of barytes. 

y. Molybdenum unites readily with sulphur, and composes a sub- 
stance, similar to the one from which the metal was originally ot>- 
tained. One hundred parts of the metal combine with 67 of sulphur. 
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V SECTION XXIL- 

Uranium, 

L This ro^tal was discorered bj Klaproth,in a mineral which coR' 
tains uranium combined with sulphur. The metal is separated from 
the sulphur, first bj roasting; then dissolving the ore in nitro4nuriatic 
acid, and precipitating by an alkali. An orange-coloured precipitate is 
obtained, which is an oxide of uranium. This may be reduced to a 
metallic form, in the same manner as the molybdic acid. 
r IL Uranium is of an iron gre^ colour; and internally of a reddish 
brown. It has only been ootamed in small grains or considerable 
hardness and lustre. Its fusion is yery difficultly effected. It un- 
dergoes no change by exposure to air, unless strongly heated, when it 
burns^ and becomes a blaek oxide. ' • 

, III. The metal is soluble only in nitric acid. 

IV. Its oxide, when precipitated by potash from nitric acid, is of la ' 
yellow colour, and dissolves in acids. It is precipitated by alkalies; 
and is thrown down, of a reddidh brown colour, by prussiates. Sul- 
phuret of ammonia gives a brownish yellow precipitate ; and tincture 
of gallsi a chocolate brown one. When exposed to intense galvanic 
action, it is fused, but not reduced. 

V. The yellow oxide of uranium is insoluble in alkalies, which dis- 
tinguishes it from the oxide of tungsten. It is soluble, however; by 
alkaline carbonates. 

There appear to be two oxides of uranium, the yellow one, which 
retains its colour when heated alone, and becomes the black oxide, 
when heated with a little oil. Th6 first, according to Bucholz, con- 
sists of 80 metal and £0 oxygen; but the eomp<>sition of the black 
oxide is not yet determined. . 



SECTION xxin. 

Tungsten. • . . 

I. Tungsten may be obtained ifrom two diflferent nunerals. The*" 
one, consisting of thetungstic acid, united widi lime, is called simply 
tungsten. In the other, termed Wolfram, it is united vfiih iroA and 
manganese.* Its extraction from the former is the most simple pro- 
cess. One part of the tungstate of lime, and four of carbonate of 
potash, are msed together, and the mass is dissolved in 12 parts of 
boiling water. Nitric acid is then added, which unites with the pot-" 
ash, and precipitates tungstic acid. This acid, when reduced in the 
usual manner, yields tungsten; but the process is a very difficult one, 

* Berzeliusj Aon. de Chim. et Phys. iii. 161 
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and frequently fails of succesA. . Professor Clarke has sacpeeded in 
effecting its reduction by the oxygen and hydrogen blow-pipe,* 

The tungstic acid may, also, be obtained from Wolfram, by fusion 
with three times its weight of nitrate of potash ; or with twice its weight 
of carbonate of potash. The fused mass, dissolved in boiling water, 
and filtered, gives, on the addition of nitric acid, a precipitate of 
tongstic acid; w Wolfram, reduced to a fine powder, may be boiled 
with three times its weight of muriatic acid. As soon as the acid be- 
comes hot, a yellow powder appears, and the liquid becomes brown. 
When eold, decant the clear liauid, a^id wash the sediment repeated- 
ly with water; ^en digest it, tor some hours, with liquid ammonia, 
which will take up a part. Repeat these operations, till tiiey cease to 
act on tt^e substance. Evaporate the ammoniaeal solution to dryness, 
and calcine the salt. The acid of tungsten remains, in the proportion 
of more than half the weight of Wolfram which has been employed. 
Other methods of forming tungstic acid are described by Bucholz.t 

II. Tungsten has the foUowing characters: 

1. It has a greyish white colour, like that of iroh, and a good deal 
of brilliancy. It is not magnetic. Its specific eravity, according to^ 
lyBlhuyarts, is 17.6; or accoiding to Messrs. Alien and Aikin 17SZ. 
Bocholz makes it the mean of these two numbers, viz. 17 A. It is only, 
dierefore, surpassed in density by gold and platinum. 

^ It is extremely hard and brittte. It requires, for fusion, a tem- 
perature of at least 170^ Wedgwood, 

3. It is oxidized bjr the action of heat and air. Its first oxide is 
black* The second is yellow, and is commonly termed tungstic 
acid. 

4. The tunssttc acid has no taste; has the specific gravity 6.12; n 
difficultly fusible except by intense Galvanic action, which partially 
reduces tt; it is insoluble in water; but remains suspended in it, and 
in this state has no action on vegetable colours. Exposed to heat in 
a platinum spoon, it assumes a deep green colour. . Calcined with the 
contact of air* its yellow colour becomes deeper, and passes to a green, 
and, after some hours, grey. The deficiency of aeveral acid proper- 
ties ^duced Vauquelin to ^thdraw it from the class of aeios, and 
to arrange it amoi^ the oxides. 

The tungstic acid is composed, a^ appears from the experiments of 
Bttcholz, of 20 parts oxygen and SO metal; and thetungstate of lime 
was shown by Klaproth, to contain per cent 77 J5 parts of acid, and 
SS.25 of lime. 



* Thomson's Annals, z. 376, 
t Thomson's Annate vi. 19a. 
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SECTION xxiy* 

Titanium. 

I. Titanium is obtained from a mineral found in Hungary, &c* call- 
ed red schorl, or titanite; and, also, in a substance from Cornwall, 
termed menachanite. It wa^in the latter substance that it was origi- 
nally discovered by Mr. Gregor of Cornwall; and its characters have 
since been more fully investigated by Klaproth, VauqueUn, and Hecht, 
Lovitz, and Lampadius. To separate it from the first compound, the 
inineral is to be reduced to' powder, and fused with twice its Veight 
of potash* When the fused mass, after cooiine, is dissolved in watei*. 
a white oxide of titanium remains. To free it from iron, Laugier dis- 
solved it in muriatic acid, and added oxalic acid, which separates a 
white flocculent precipitate of oxalate of titanium."*^ The oxalic acid 
in this may be destroyed by calcination. 

Menachanite is to be first fused with potash in a similar manner; 
lUdd to the alkaline solution, muriatic acid is to be added. This dis- 
solves the oxide of iron, and precipitates the whiter oxide of tita- 
nium, still, however, contaminated by some iron. 

II. The oxide of titanium fuses, but is not reduced by a poWerfol 
Galvanic battery. It is reduced, however, by exposure to an intense 
heat, m(»stened with oil, and surrounded by powdered charcoal. A 
blackish blistered substance is obtained, some points of which have a 
reddish colour. Lampadius states its colour to be that of copper, but 
deeper; and its lustre to be considerable. It is brittle, but when in 
thin plates, has considerable elasticity. When this is boiled with 
nitric acid, no remarkable effect ensues, but the bright spots disap- 
pear, and are succeeded by a white cojQ:)pound. Nitro-muriatic acid 
forms, also, a white powder, which remains suspended in it Sulphu- 
ric acid exhibits a similar appearance; sulphurous acid is disengaged; 
and the titanium is partly changed to a white oxide, and partly dis- 
solved. Muriatic acid dissolves titanium, but not its oxide. 

III. The solution of titanium gives a white precipitate with carbo- 
nates of alkali; a grass green, mixed with brown with prussiate of pot- 
ash; and a dirty dark green^ with hydro-sulphurets. Infusion of galls 
precipitates a reddish brown substance, which, if the solution be con- 
centrated, has the appearance of coagulated blood. A rod of tin,- im- 
mersed in the solution, imparts to the liquid around it a fine red 
colour; ^nd a rod of zinc a deep blue one. 

IV. Titanium tarnishes by ^posure to the atmosphere, and fs oxi*^ 

* 89 Ann. (leChiin..306 
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dized when heated with access of air. It is susceptible of three stages 
of oxidizement. The first oxide is blue or purple, the second red, 
and the third white. The white oxide is the only one, with the compo- 
sition of which, we are accurately acquainted. It has been shown, by 
Vauquelin and Hecht, to consist of 89 parts of the red oadde and 11 
parts of oxygen, 

V. Titanium appears to be incapable of uniting with sulphur; hut 
Mr. Chenevix has succeeded in combining it with phosphorus. 

The only alloy of any consequence, which it forms, is with iron. 
It is of a grey colour, interspersed with brilliant particles, and is quite 
infusible. 



SECTION XXV. 

' Columbium and Tantalum. « 

CoLUMBiuM was discovered by Mr. Hatchett, in a mineral belong- 
ing to the cabinet of the British Museum, supposed to be brought from 
Massachusetts in North America. By alternate fusion with potash, 
and digestion with muriatic acid, the mineral was decomposed; the 
acid combining with oxide of iron, and the alkali with a peculiar 
metallic acid, separable by the addition of diluted nitric acid, which 
threw down a copious white sediment. 

This acid was not reduced by Mr. Hatchett^ who however, from its 
properties, entertained little doubt that it has a metallic base. It is 
insoluble in nitric acid; but when fresh precipitated, it combines both 
with the sulphuric and muriatic. It unites also with alkalies: and 
both solutions are colourless. Prussiate of potash gives an olive- 
coloured precipitate; tincture of galls, a deep orange; a^nd hydro- 
SUlphuret of ammonia, one of a chocolate colour. 

Tantalum. 

This metal was discovered by Mr. Ekeberg, a Swedish chemist, in 
two different fossils, called Tantalite and Yttro-tantalite, both of which 
are found in Finland. In the one it occurs combined with iron and 
manganese; in the other, with the earth called yttria.* From these 
ores it is obtained, by treating them alternately with caustic fixed 
alkali, and muriatic or nitro-muriatic acid. The alkaline solution, 
being supersaturated with an acid, lets fall a white powder which is 
oxide of tantalum. The following are the characteris^tic properties 
of tantalum, as enumerated by Mr. Ekeberg: 

1. It is not soluble in any acid, even the nitro-muriatic, in whatso- 
ever state the mineral is taken, and whatever means are employed. 

^ Fixed alkalies attack it wlien fused with it in considerable ex- 
cess, and dissolve a considerable quantity, which may afterwards be 
precipitated by acidg, even by the carbonic. 



* See Annftles de Chimie, zliiL 281. 
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3. Th& oxide of this metal «8 vrhit^, .and doed not acquire any 
colour, by exposure to a high temperature with acces^ of air. Its 
specific gravity, after being made red4iot, is 6.500. * 

4. It melts with phosphate of soda, and with borax, but does not 
impart to them aiiy colour. 

5. The oxide of tantalum, ignited with charcoal, melts and aggluti- ' 
nates. It then presents a n^&llic lustre, and a shining fracture of a 
greyish black colour. Acids change it again into a white oxide.. 

Though the oxides of tin and of tungsten are equally soluble with 
that of tantalum in fixed alkalies, yet the former is easily reduced, 
furnishing a ductile metal; and the oxide of tungsten dissolves in 
ammonia, is changed to a yellow colour byacids, and communicates 
colour to phosphate of soda and borax. The oxide of titanium dif- 
fers from this, in being soluble by acids, and in tinging borax and 
phosphoric salts, when fused with them. 

Considerable doubts had been entertained by several chemists, 
whether any essential difference exists between columbium and tan- 
talumi and their identity appears now to be sufficiently established 
by the experiments of Dr. Wollaston. Having procured specimens 
of the tantalite and yttro-tantalite, from which tantalum may be se- 
parated, he compared its properties with those of oxide of columbium, 
famished by Mr. Hatchett, and obtained Grook a specimen in the Bri- 
tish Museum. 

The external characters of the mineral, which yields columbium, 
closely accord with tho^e of tantalite. Both, also, yield a white 
oxide, combined with iron and manganese, and as nearly as possible 
in the Bame proportion. The white oxide, though not absolutely in- 
soluble in sulphuric, nitric, and muriatic acids, is (from whichever mi- 
neral it has been obtained) very nearly so. Its appropriate solvent is 
potash, which does not require to be absolutely free from carbonic 
acid. The whole of the oxide, thus dissolved, may be precipitated by 
an acid, and it is not re-dissolved by an excess of acid. The oxides 
from both minerals agree, also, in being soluble, when fresh precipi- 
tated, by oxalic, tartaric, and citric acids. Ekeberg, however, we are 
informed by Berzelius,* discovered in a sample of the mineral from' 
the British Museum, a considerable quantity of tungstic acid, to which ' 
it owes its acid properties, and its other constituent he found, with 
Dr. Wollaston, to be oxide of tantalum. ^ 

Infusion of galls, pru«siate of potash, and hydrp^sulphuret of pot- 
ash, occasion no precipitation from the alkaline solution of either Of 
these oxides; and, when a sufficient quantity of acid has been added 
to neutralize the redundant alkali, infusion of galls only throws down 
a precipitate which, in both cases, is of an orange colour. From these 
comcidences, there can be little room to doubt of the identity of tan- 
talum, with tiie chih*acteristic ingredient of columbium. 

Tantalum has lately been reduced to a metallic form bvBerzelius. 
His method consisted in introducing* the oxide, which had previously 



* Thomson's Ann^s, iv. 467, 
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b^n atron^y beitte4f into a cavity a^iit one inch audit half deep, 
and of the size of a goose quill, artificially formed in a piece of char- 
coal. To^ thif cavity a stopper of charcoal was fitted, and the whole, 
enclosed in a Hessian crucible, ,was exposed to a violent fir^ during 
an hour. From four experiments, simdarly conducted, he inferred 
the (imposition of the oxide to be 



Tantalum . . , . 94.8 
Oi^ygen . . . ^ • 5.2 

loa 



100. 

5.485 



The specific gravity of a specimen of the mei^l, sent by Berzelias 
to this country, was found by Dr. Wollaston to be 5.61, but as the 
mass was porous, its specific gravity is probably much higher. Its 
colour was d%rk grey, and when scratched with a knife, or rubbed 
a^nst a fine grindstone, it assumed the metallic lustre, and the ap- 
pearance of iron.. By' trituration, it was reduced to a powder^ which 
wi^ destitute of metallic, lustre^ and completely insoluble^ even by se- 
veral days digestion, in muriatic, nitric, or nitro-ihuriatic acid. Like 
chrome, titanium, iridium, and rhodium, it is incapable, therefore, of 
being oxidized by acids, and in order to be oxidized requires to be 
fi^sed with caustic potash. At a red heat, the metal takes fire, and 
burns with a feeble flame. It detonates, also, when mixed with nitre*' 
ajad pro|ected into a red-hot crucible. With other mietals, it unites 
and ibrms alloys.* 



SECTION XXVI. 

Cerium. 

L Cerium was discovered, by Messrs. Berzelius and Hisinger of 
Stodiholm, in a mineral from Bastnas, in Sweden, which had been 
supposed to be an ore of tungsten. This discovery has been since 
confirmed by Vauquelin; who, after a carefol examination of the mi- 
neral, concurs iQ opinion, that it contains the oxide of an unknown 
metal. From the planet Ceres, discovered about the same period, it 
has been called Cerium ; and the mineral that contains it is termed 
Cerite.t 

II. To obtain the oxide of this new metal, the cerite is dissolved 
in nitro-muriatic acid» after being calcined and pulveriz)edw Th& 
solution is filtered, neutralized widi pure potash, and then precipi* 
tated by tartrite of potash; or, as Laueier recommends, by oxalic 
acid. This precipitate, well washed, and afterwards calcined^ is the 

* Ann. de Chim.^t Phys. iii. 140 ; Thomson'ji Anntlat, viii. 233. 
t See Nicholson's Journal, xii. XOS> 
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Q^e of ceriam. The white oxide has beeh recently detenmaed by 
Hbinger^* to consist of 

Cerium 85.088 . • • * ^^ 

Oxygeh 14.912 • . . • 17.41 

100. 

Afid the red or peroxide is composed of 

Cerium . . • ... 79.S9 .... \tXk 

20.n .... 26.115 



100. 

' III. Cerium appears to be susceptible of two stages of oxidize- 
roent; the first oxide Being white, and the second of a fallow red. 
The white oxide, by calcination, becomes red. 

IV. Sulphuric acid, diluted with four ti^es its weight of water, dis- 
solves the red oxide. ,The soliitton, onbeii^ evaporated, yields cryg» 
tats, some of which are orange, and others, have a lemon-yellow co- 
lour. The sulphate is soluble only by an excess of acid. Its taste 
is saccharine mixed with acid. 

y« Sulphuric acid readily unites with the white oxide ;. the solution 
is nearly colourless, but has a slight rosy tinge. It has a saccharine 
taste, unmixed with acidity, and yields white crystals. 

VI. Nitric apid unites most easily with the white oxide. The solu- 
tion is very sweet, and is not crystallizable. When decomposed by 
heat, it leaves a brickncoloured oxide. , 

VII. Muriatic acid dissolves the red oxide; and ihe solution crys- 
tallizes confusedly. The salt is deliquescent: soluble in an equal 
weight of water; and ia three or four parts of alcohol. When this 
solution is concentrated, it4>ums with a yellow sparkling flame. The 
dry salt consists of 100 parts of muriatic acid united with 197.5 of 
oxide of cerium^ 

An infusion of galls produces, in muriate of cerium, a yellowish 
precipitate not very abundant. A few drops of ammonia throw down 
a very voluminous one of a brown colour, which becomes black and 
brilliant, by desiccation* By the action of heat, it assumes a brick- 
red colour. 

VIII. Oxide of cerium unites readily with carbonic acid. This 
union is best effected, by precipitating a solution of the oxide with 
carbonate of potash. An eflfervescence ensues; and a white and 
light precipitate is formed, which assumes, oa drying^ a silvery ap- - 
pearance* It contains per cent 57.9 parts of protoxide, 19.1 of water, 
and 23 of carbonic acid. 

IX. Sulphuretted hydrogen does not unite with cerium. 

X. The attempts or Vauquelin to reduce the oxide of cerium pro- 
duced only a smaH metallic globule, not hu-ger than a pin's head. 

* Thomson'! Amials, iv. 357. 
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This slobttle was not acted upon by any of the simple acids; tnit it 
was mssoWedy tbough slowly, by nitrcMnuriatic acid. Tbe solution 
was reddish, and gave traces of iron; but, it also gave evident marks 
of cerium, by the white precipitate which tartnte of potash and oxa- 
late of ammonia threw down. The metallic globule, also, was harder, 
whiter, much more brittle, and more scaly in its fracture, than pure 
cast-iron. When exposed by Mr. Children to his powerful Galvanic 
battery, oxide of cenum fused; and, when intensely heated, burned 
with a large vivid white flame, and was partly volatilized. The fused 
oxide, on exposure for a few hours to the air, fell into a light brown 
4>owder, containing numerous shining particles of a silvery lustre. 

XL Hence cerium appears to be a volatile metal> unless it is vola- 
tilized in the state of an oxide, which remains to be ascertained by 
future experimepts. 



CHAPTER XX. 



VEGETABLE SUBSTANCES. 



VEGETABLE substances, though they are all distinguished from 
each other by peculiar characters, present several circumstances of 
agreement in chemical properties. Oxygen, hydrogen, and carbon are 
their principal ingredients, to which a certain proportion of nitrogen 
is occasionally added ; and variations in the proportions, and mode of 
combination, of these elements, cause the great diversity, which sub- 
sists among the products of the vegetable kingdom. They are all 
susceptible of decomposition by heat alone; but we cannot, as in bo- 
dies of the mineral kin^om, proceed from a knowledge of their com- 
ponents to the actual formation of the substances themselves. It ia 
not probable, indeed, that we shall ever attain the power of imitating 
nature in these operations. For in the functions of a living plant, a 
directing principle is concerned^ peculiar to animated bodies, and su- 
perior to, and differing from, the cause which has been termed chemi- 
cal affinity. 

The distinction (as has been well observed by Berzelius*) between 
inorganic and organic compounds appears to be this. The former 
are composed either of combustible or of oxidized bodies; and, when 
when of the latter, each combustible base is united with a portion of 
oxygen, which belongs exclusively to it, and which accompanies it; 
when it is detached from combination. Organic compounds, also, 
contain oxygen; but, in these, we have several combustible bases^ 
united to one portion of oxygen, which cannot be said to belong more 
to the one, than to the otner; and which would not suffice to bring 
any one of those bases to its maximum of oxidation. 

• 80 Ann. de Chim. 37. 
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The prodttctions, of which I am about to offer the chemical history, 
may be regarded as the immediate or jTroorimate principles of vegeta- 
bles; for we may presume, generally speaking, thiKt they exist in the 
Uving plant in a state identical with that, under which chemical pro- 
cesses exhibit them. It is not so when we proceed to the ultimate 
analysis of vegetables; for, in that case, we obtain compounds, which 
formed na part of the vegetable structure, and whkh result from a 
new arrangement of the elements composing it Acetic and carbo- 
nic acids, for example; are obtained by the destructive distillation of 
several vegetable substances, in which neither of these acids existed 
ready formed, but only their elements. 

The destructive distillation of vegetables was, till lately, the only 
method employed to determine the proportion o£b their ultimate ele- 
ments; but more refined and perfect modes of analysis have lately 
been practised by Gay Lussac and Thenard, which hate afforded 
results, much more deserving of confidence.^ Their process consists 
in effecting jthe combustion of vegetable substances, in close vessels of 
a peculiar construction, by means of hyper-oxymuriate of potash. 
Berzelius, also, has considerably improved tlie methods of vegetable 
analysis. 

The following general laws, respecting the composition of vegeta^ 
ble bodies, have been deduced, by Gay Lussac and Thenard, from a 
general review of their experiments. * 

I. A vegetable substance is always acid, when the oxy^n, which It 
contains, is to the hydrogen, in a proportion greater than is necessary 
to compose water. 

II. A. vegetable substance is always resinous, or oily, or alcoholic, 
&c. when uie oxygen, contained in it, is to the hydrogen, in a less 
.proportion than in water. 

ill. A vegetable substance -is neither acid nor resinous, but in a 
state analogous to sugar, gum, starch, li^io, &c. whenever oxygen 
and hydrogen enter into ite composition m the same proportions as 
in water. 

Without supposing then, that oxygen and hydrogen exist, as water» 
in ve^tables, we may, for the sake of illustration, consider vegeta- 
ble acids, as constituted of carbon* Water, and oxygen; — the resins, 
alcohol, ether, &c. as composed of carbon, water, and nydrogen;— «nd 
bodies of the third class, as composed of carbon and water only. It 
should not, however, be concealed that some exceptions to the gene- 
rality of tiiese principles h^^ lately been pointea out by SaussureJ* 

The products of the vegetable economy are either situated in par* 
ticular organs or vessels, or are distributed throughout the whole plaat.^ 
Sometimes they reside in the root or stalk; at others in the bark or 
leaves; at others they are peculiar to the fruit, the flowers, the seeds, 
or even to particular parts of .these organs. When tlius insulated, 
they may readily be procured in a separate state; and, in several in- 
stauces, nothing more is required than the labour of collecting them. 

* Recherches Phys. Chim. ii. 
t Thomson's Annals> yi. 431. - 
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Thus gum exudes from some trees, and mianna issues from the 
branches of others. Sometimes, however, we are presented with a 
variety of substances mingled together, and requiring separation by 
processes which are sufficiently simple, and which consist in repose, 
filtration, pressure, washing distillation at a gentle heat, solution by 
water and alcohol, and similar operations, that do not alter the nature 
of the bodies submitted to them. 

The number of principles, which hare thus been extracted from 
Tegetables, has of late years been greatly enlarged, and amounts at 
present to between thirty and forty. Of ther*-,' Sie greater patt are 
certainly entitled, by a train of properties sufficiently characteristi*?, 
to rank as distinct compounds. But others seem to be so nearly 
allied to substanc«i, with which we have long been acquainted, that 
it can serve no useful purpose to assign them a dtflferent plaice in the 
system. The unnecessary multipltcatioR, indeed, of vegeta.ble prin- 
ciples, contributes rather to retard than to advance the progress of 
this difficult part of chemistry; and it is only in cases of decided and 
unequivocal differences of qualities, that we should proceed to tlie 
establishment of new species. 



SECTION I. 

Vegetable Extract. f 

The term Vegetable Extract is not to be understood in the sense 
which is generally annexed to it, as comprehending ail those parts of 
Tegetables which may be dissolved in water, and obtained in a solid "^ 
form by evaporating the solution; but is now limited to a distinct and 
peculiar substance. This substance may be obtained by evaporating; 
at a temperature below 212°, an infusion of saffron, prepared wiwi 
boiling distilled w^ter. Extract, thus procured, has the following pro- 
perties: ' 

1. It is cohesive, of a brownish colour, and generally of a bitterish 
taste, varying with the plant, fiom which it has been obtained. 

2. It is soluble in cold water, but more copiously in hot; and the 
solution is always coloured. Hence tipe decoctions of certaiii sub* 
s^anees (Peruvian bark for example) become turbid on coolit^« The 
solution, exposed for a long time to the ah*, acquires a mouldy pellicle, 
and undergoes a sort of putrefaction. 

5, When a solution of extract is slowly evaporated, it affords a 
semi-transparent mass; but rapid evaporation renders it perfectly 
opaque. By repeated soiutio^ns m water, and evaporations, it acquires 
» deeper colour, and loses its^ property of being soluble in water, ap- 
parently in consequence of absorbing oxygen from the air. 

4. Extract, exposed to the atmc^iherei slowly imbibes moisture; 
or is imperfectly deliquescefit. 
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5. It is soluble in alcohol and in liquid alkalies, but neither in 
ether nor iti acids, which last even precipitate it from its solution in 

waten ' 

6. Oxj-muriatic acid, poured into a solution of extract, precipitates 
a dark yellow powder, which is no longer soluble in water, but dis- 
solves in hot alcohol. ' 

r. Extract has an affinity for alumine. When the sulphate or mu- 
riate of this earth is poured into one of extract, a precipitate appears, 
especially if the mixture be boiled. When linen or woollen thread, 
previouslylmpr^nated with a solution of alum, is boiled with a solu- 
tion of extract, the thread is dyed a fawn colour, and the extract dis- 
appears in great part from the liquor. 

8. Muriate of tin, and several other metallic salts, also precipitate 
extract^ their oxides forming Vith it msoluble compounds. 

9. Extract is not precipitated by a solution of tan. 

These are the properties of extract, in the purest form under which 
we have yet procured it. As commonly obtained, however, it is com- 
bined with one or more, and frecjuently with a great number of other 
principles. In the sap of plants, it exists unitpd with mucilage, gallic 
acid, tan, acetate of potash, and other neutral salts. Of the Substance 
called catechu, it forms, according to the experiments of Sir H. Davy, 
a considerable part ; and bein^ not easily dissolved by cold water, 
may'be obtained by washing onthe more soluble parts, 'the infusions, 
also, of most vegetable substances, hold extract in solution, united 
with other principles. 

From a series of experiments on this subject, Dr. Bostock is dis- 
posed to doubt whether there be any distinct principle, to which the 
titie of extract can with propriety be given; and this doubt is enter- 
tained, also, by Braconnot.* The r^-ageiits, he finds, which have been 
pointed out as tests of extract, act also upon tan; and the processes, 
for separating extract from the other parts of vegetable infusions,*ap- 
near to him to be founded upon incorrect assumptions.' He has not, 
•however, examined the extract from saffron ;t but it has been the sub- 
ject of a series of experiments by Bouillon la Grange and Vogel, 
who have given it the name of polychroite, on account of the many 
different colours which it is capable of assuming. Thus its natural 
colour is yellowy and its aqueous solution is deprived of colour by 
exposure to the sun's rajrs. Sulphuric acid dropj^ed into the aqueous 
solution causes a deep wdigo blue colour; nitric acid a green one; 
and chlorine renders it colourless.:|: 

* Thomson's Annals, xii. 34. 

t See Nicholson's Journal, xxiv. 204. 

^ Amu de Cfaim. Izxx. 188. 
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SECTION 11. 

Mucilage^ or Chim. 

This substance, termed mucilage mfhen fluid, is, in a solid state, 
fienerall J known by the name of gum. Gum arable maj be taken as 
an example. It appears, however, froo^ Dr. Bostock's experiments, 
^t there is a cqnsiderable variety in the chemical properties of dif- 
ferent mucilages. 

1. Gum is dry, brittle, and insipid, and undergoes no cHange by 
exposure to the atmosphere, except that the action of light destroys 
the yellow colour, which it frequently exhibits. Its specific gravity 
varies from 1300 to 1490. 

SL It is readily soluble in water^ and forms a viscid solution, which 
may be kept a longtime, without undergoing any change; but finally 
becomes sour. 

is. It is insoluble in alcohol and in ether, the former of which pre- 
cipitates it from water. * 

4. It is separated from water, in a thick curdy form, by acetate of 
lead ; and is thrqwn down ^y the red sulphate of iron, in the state of 
k b^own semi-transparentielly. Several other salts, ateo, have 9l siini^ 
lar effect According to Dr. Thomson's experiments, the salts^ con- 
^iaining mercury and iron at the maximum of oxidation, are the most 
e^cient in precipitating gum. The oxides of copper, antimony, and 
bismutii, are, also, acted upon by it; for it prevents water from pre- 
cipitating them in the state of sub-salts. The effects of re-agents on a 
solution of gum have been investigated by Dr. Bostpck;* and have 
been found to vary considerably in the different species of gum; for 
exajnple, in gum arable, clierry-tree gum, and linseed mucilage. Ber- 
s&elius, also, has examined the compound of gum arable with oxide of 
lead, to which he has given the name of gumvude of lead. He finds* 
it to consist of 

Gum ..... 61.75 • • • .. 100. 
Oxide of lead . . S&£5 .... 6^105 



100.t 



5. Gum js soluble in pure alkalies, and in lime-water, and is pre- 
cipitated unchanged by acids. Of the earths» silex seems to have the 
strongest affinity for it; a solution of siiicated alkali decomposing a 
very dilute solution of gnnu (Tliomsom) Dc Duncan, jun., however, 
informs me, that this precipitate is produced only by solutionis of the 
lighter coloured specimens of 8;um, which have different properties 
from those of darker colour. The precipitation, when it does occur, 



* See Michobon's Journal, xviii. ^8. 
t 95 Ann. de Chim. 77. 
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Dr. Bodteck su8|)ects to take plAeei only in conseauence of the lime 
which gum contains. Hence oxalic acid, also, proaiices a precipitate 
from the solution of earn arabic. 

6. Diluted acids dissolve gum unchan^, and the concentrated 
ones decompose it Strong sulphuric acid converts it into water, 
acetous acid, and charcoal ; the last of which amounts to rather more 
than one-fourth the weight of the gum, and exhibits slight traces of 
artificial tan. Nitric acid dissolves gum with a disengagement of 
nitrous gas; and the solution, on cooling, deposits a little saccholactic 
or mucous acid. The production of mucous acid appears to be the 
characteristic property of mucilage; and Yauquelin even obtained 
this acid from the mucilage of linseed. Some malic acid is also form- 
ed; and by continuing the heat, the gum is changed by the nitric acid 
into oxalic acid, which bears the proportion of nearly one-half of Ihe 
weight of the gum. Oxy-muriatic acid transmitted through a soluiion 
of gum, changes it into critic acid. 

7. Gum and sug^r readily combine; and by gentle evaporation of 
their mixed solutions, a transparent substance is obtained. From this, 
alcohol separates a part of the sugar, but the remainder continues in 
combinatiom, and forms a substamce, resembling that of which the 
nests of wasps are composed. 

8. Gum, when submitted to destructive distillation in a retort, 
yields an acid, formerly called the pyro-mucous, but now ascertained 
to bt merely the acetic, holding in solution a portion of essential oil, 
and some ammonia. Carburetted hydrogen and carbonic acid gases 
are also disengaged; and in the retort there remains charcoal, mixed 
with lime and phosphate of lime. Gum, tiierefore, is composed of 
oxygen, hydrogen, carbon, and (as may be deduced from its yielding 
ammonia) a little nitrogen. It appears to differ from sugar, not only 
IB containing a less proportion of oxygen, but also by its comtMnatioa 
with lime and nitrogen.* 

Respecting the varieties of vegetable mucilage, which appear to be 

gretty numerous and well marked, much valuable information may 
e obtained from the paper of Dr. Bostock, which has been already 
referred to. Cherry-tree gum, tragacanth, and some other varieties 
are considered as forming a distinct vegetable substance, to which the 
name of cerasin has been given. It imbibes water, and swells very 
considerably in bulk, bat is not at all soluble except in boiling water, 
from which it again separates on cooling in the state of a jelly. 

Gum arabic has been analyzed by Gay Lussac and Tbenard» and 
by Berzelitts, and found to consist of 

Carbon .... 42.2S . * . 41.906 
Oxygen .... 50.84 • . • 51.306 
Hy«&ogen ... 6.93 .. . 6JS8 

l(K>.t 1004 

« 

* Cruickshank, Nicholson's Journal, 4to. I1. 409. f Qqr Lussse. 

\ Berzelius. 
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Saussure in addition to these three elements found also a nunute 
quantity of nitrogen* From gum arabic and gum tragacanth» he ot>- 
tained 

Carbon 45.84 

* Oxygen 48.26 

Hydrogen 5.46 

Azote 0.44 



100.^ 



SECTION HI. 

Vegetable Jelly. 

Vegetable jelly may be obtained from the recently expressed juices 
of certain fruits, suchas the currant and gooseberry. When the ex- 
pressed juice of tliese fruits is allowed to remain, for some time, in a 
State of rest» it partly coagulates into a tremulous soft substance, well 
known by the name of jelly. The coagulum, washed with k very small 
quantity of water, is jelly nearly in a state of purity. 

Vegetable jelly, unless when tinged by the colour of the fruit, is 
nearly colourless; has a pleasant taste, and a tremulous consisliency.. 
It is soluble in cold water; but more copiously in hot, and ^e solu- 
tion, if strong enough, again selatinates on cooling. By long boiling 
it loses this last property, and is changed into a substance analogous 
to mucila^. When dried it is transparent. It combines readily 
with alkalies. Nitric acid converts it mto oxalic acid, without dis- 
en^ine any azotic gas. Its solution in water is precipitated by in- 
fusion of galls. 



SECTION IV. 

Sugar and Oxalic Acid. 

Art. l.-'^tigar. 

Almost all the sugar,-which is applied to the common purposes of 
life, is derived from a plant, the grawth of hot climates, calleii Jrundo 
Saecharifercu This plant produces strong canes, inclosing a soft 
pithy substance, which yield, by the compression of powerful machi- 
nery, a large proportion of sweet juice. The juice is evaporated in 
copper vessels, with the addition of a small quantity of slaked lime. 
During evaporation, a thick scum is formed, which is continually re- 

^ Thomson's AnmJs, vi. 431. 
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moved. The juice passes successively from larger to smaller Imlersy 
tQi at length, in the last of these, it becomes thick and tenacious. 
When this happens, it is emptied into shallow wooden coolers, where 
the syrup forms a mass of small irre^lar crvstals, enveloped in a 
treacly fluid. The whole mass is drained in hogsheads, in the bot- 
toms of which holes are bored. The fluid, which separates, is called 
melasses or treade; and the dried crystals are exported to this coun- 
try under the name of raw or muscovado sugar. 

The subsequent process, which suear undergoes, with the view of 
bringing it to the white and beautiful form of haf sugary consists in its 
being re-dissolved in lime-water, and in bein^ boiled with a quantity 
of some coagulable substance^ such as the whites of eggs< or bullock's 
blood. These substances coagulate, into a thick scum, which rises to 
the surface, carrying along with it the principal part of the impurities 
^of the sugar. The solution, after being evaporated to a due consistence, 
is let out into laree conical earthen pots, with a hole at the apex of 
the cone, and each supported by an earthen jar.. When the syrup 
has concreted into a solid mass, the plug is removed from the point 
of the cone, to allow the adhering liquid fo drain off; and a mixture 
of pipe-clay and water is poured on the surface of the mould, and 
suffered to continue there four or five days. The moisture from this, 
slowly descending through the sugar, carries with it the remains of 
the darker coloured syrup; and the whole loaf, after, being dried in a 
stove, is obtained of the proper degree of whiteness. 
* Besides the juice of tne cane, sugar may be extracted, al^o, from 
several other vegetables. The juice which flows spontaneously from 
incisions made in the American maple-tree, affords a quantity suffi- 
cient to render it a process worth following. Ripe fruits contain su- 
fur in considerable quantity, and by long keeping after they .have been 
ried, it appears, in a granular state, on their surface, l^ie juice of 
the carrot, and still more remarkably of the beet {beta vulgaris^ Linn.) 
yield a considerable proportion of sugar. To obtain it from the latter 
vegetable, the roots, softened in water, are to be sliced, and the iuice 
es^pressed. It is then to be boiled down with the addition of a little 
lime till about two-thirds remain, and afterwards strained. These 
boilings and strainings are repeated alternately, till tli^ liquid attains 
the consistence of syrup, when it is left to cool. The sugar thus ex- 
tracted, retains somewhat of the taste of the root; but it may be puri- 
fied by the operation already described as used for the refining of 
West India sugar, and it then loses its peculiar flavour. The quanti- 
ty obtained v^ies considerably; but in general it may be stated at 
between four and five pounds from 100 pounds of the root, beside a pro- 
portion of uncrystallizable syrup^ In (jermany, the expense has been 
calculated at about thr^e pence per pound; but tliis estimate is pro- 
bably under-rated.* 

From the experiment of Proust,t it appears that a coarse sugar may 
be procured from grapes (of which many thousand tons are annually 

* See Chaptal on the manufacture of sugar in France, Phil. Mi^. xlvii. 331. 
t Nicholson's Journal, zxi. 356. 
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wasted in Spain,) at the expense of about eight pence per pound ; of, 
under fiivourabte circumstances, even for five pence. In apples and 
pear9» in the juice of liquorice, and in some other vegetable juices, 
sugar extfits, but in a state of combination, which prevents it from 
assuming a crystallixed form. 

The sugar of grapes has been analyzed by Saussure, and found to 
contain very nearly the same proportions of ingredients as starch 
sugar, stated under the article fecula,* These two kinds of sugar 
agree, indeed, so closely as' to their properties, that they probably 
constitute oiie species. 8ugar from the cane and from beet differs 
from these, and from all other kinds of sugar, by containing a greater 
proportion of carbon.t 

Sugar is produced also in the process of malting, which consists in 
the conversion of starch into su^r. 
•The following are its chemical properties: 

1. Sugar is soluble in an equal weight of cold water, and almost to 
an unlimited amount in hot water. The latter solution affords a liquid 
called syrup; from which, by long repose, transparent crystals of 
sugar separate, called candied sugar. Their form is that of prisms 
with four or six sides, bevelled at each extremity, or sometimes acca- 
mtnated by three planes. 

S. Alcohol dissolves, when heated, about one-fourth its wdght of 
sugar* The solution, by keeping, deposits larse crystals of sugar. 

3. Lime-water renders sugar more soluble;' and, reciprocal! j» 
sugar increases the solubility of lime. Alkalies unite with it, and 
destroy its taste. It may be recovered, however, unchanged, by add- 
ing sulphuric acid, and precipitating the alkaline sulphate by alcohol, 
;which retains the sugar in solution. It unites, also, with the alkaline 
earths; and with barytes so strongly, that it appears to undergo a 
kind of decomposition. 

4. Sugar has the property of rendering oils miscible with water. 

5. The sulphurets, h^rdro^ulphurets, and phosphurets appear to have 
the property of converting sugar into a substance not unlikje gum.^ 

6. Sugar has the property of decomposing several of the metallic 
salts, when boiled with their solutions. Sometimes it reduces the 
oxide to a metallic state, as in sulphate of copper. In other instances, 
as in the acetate of the same metal, it merely reduces the oxide to an 
inferior degree of oxidation.^ With oxide of lead, it forms an inso- 
luble compound, called by Berzelius sacckarate of leadJii 

7. It is converted, by destructive distillation, into acetic acid, car- 
buretted hydro^n, and carbonic acid gas, and charcoal. According 
to Lavoisier, it is composed of 64 oxyeen,' 28 carbon, and 8 hydrogen: 
Gay Lussac, Tbenard, and.Berzelius, have analyzed it bj combustion 
wifli hyper-oxymuriate of potash, and Dr. Prout by distillation with 
oxide of copper. They find it to consist of 

♦ See Sect. ix. infra. f Thomion's Annals, vi. 433. 

i Thomson's Chemistty, ir. 314. 

i Vqgel in Thomson's AnnaJs, vti. 42. | 95 Aim. de Chim. 53. 



Cartxm . . * . 4^7 . . 44.S0O . . $9S0 
Oxygen . • . . 50.63 . . 49.015 . . 53.33 
Hyfiogen^ ... 6.90 ^ . 6.78$ . . &66 



H ■< ■ " 



100.* lOO.t. \ 100.$ 



Or of carbon • . • 4^47 
Oxyf^en and liydro-^ 
gen, in the same I --, ^^ 
proportion as in | 
water ... J 



«.. ■! 



100. 

It is remarkable that these are as nearij as possible thepropor^ 
tions of the ingredients 0f gum Arabic 

Beside pure sugar, there are. other saccharine substances^ that bear 
a considerable resembl^ice to it Manna is the inspissated jaice 
which flows spontaneously from incisions in the baric of a species of 
ash (the fraxinus omtis)., Sugar has been discovered, ateo, by Four* 
croy and Vauquelin, to enter lar^ly into the composition of the juice 
obtained by pressure from the oftion. Besides sugar, it appears, als<v 
to contain a portion of mucilage and extract, to which ilbs taste anA 
other peculiar properties are owin^. * 

The same may perhaps be said of honey. When treated with 
nitric acid it was found, however, by Mr, Cmickshank, to give very 
tittle less oxalic acid, than was obtained from an equal weight of pure 
sugar. Proust has considered honey itself as of two distinct species. 
Common yellow honey is of an uniform consistence and viscid; but; 
besides this, there is a granulated, white kind, which has a tendency 
to become solid. From Qie latter he obtained by alcohol a white sac- 
charine powder, which he considers as agreeing more* nearly with the 
sugar of the grape than with common j»Mgar. . 



Art. %-^Oxalie Acid. 

9 

Sugar is acidified by distillation with nitric acid. To six ounces 
of strong nitric acid, in a stoppered retort, to which a large receiver 
is luted, add, by degrees, one ounce of lump-sugar, coarsely powder- 
ed. A gentle heat may be applied during tke solu^on. Nitrous gas 
will be disengaged in great abundance. When the whole ef the sugar 
is dissolved, distil off a part of the acid. The remaiiiiBg liquor will 
form regular crystals (amounting to 58 parts from 100 of sugar,) which 
must be again dissolved in water and crystallized^ Lajr mis second 
crop of crystals on blotting paper to dry. 

* Gay Lussac. f Berzelius. % TtovlX, 
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Oxalic acid may be procured, also, by a similar treatmeut of gom, 
and of various other vegetable, and even of some animal producte. 
The crystals of oxalic acid have the following characters : 

1. They have a strong acid taste, and act powerfully on vegetable 
blue colours. 

2. They dissolve in twice their weight of cold, and in an eqiud 
weight ot hot water. They are soluble, also, in boUing alcohol, which 
takes up about half its weight; and, though sparingly, in etber. 

S. They effloresce in the air, and become covered with a white 
powder. 

4. A red heat entirely decomposes them, and leaves only charcoal. 
During distillation, a considerable quantity of inflammable gas is ob- 
tained; and a portion of the acid is sublimed, unaltered, into the neck 
of the retort The constitution of oxalic acid, has been investigated 
with much skill and attention by Dr. Thomson."*^ The crystals, in 
their perfect state, he has proved to consist of - 

■ • ' 

Real acid ....... 77 

Water 23 

100 

And from- an elaborate examination of the gases, obtained by destruc- 
tive distillation, he concludes that 100 parts of real oxalic acid con- 
ristof 

Oygen 64 

CaH[)on . 32 

Hydrogen ..*.... 4 

100 

Oxalic acid has since been analyzed by Gay Lussac and Thenani,t 
and by Berzelius.]: The first mentioned chemists decomposed oxa- 
late of lime of known composition by oxy-muriate of potash, and ob- 
tained the following results: 

Carbon 26.566 

Oxygen . 70.689 

Hydrogen ....... 2.745 

100. 
Or the analysis may be thus stated: 

Carbon 26.566 

Oxygen and hydrogen in the same > ©o qtq 

proportions as in water . . . ,3 -w.o/>4 

Excess of oxygen 50.562 

^ 100. 



• « 



* Pluloaophip«l Tnnsftctioiis, 1808. f Recherches, ii. 

t 81 Amv de Ghim. «nd Tbomflon's Ann. iv. ^2, and ix. 33. 



Oxygen . . . 


. . 66.211 


Carm>n . . , 


. . 33.021 


Hydrogen • . 


, . 0.728 
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Berzelius, som^ time ago, ascertained that of the water, which en- 
ters into crystallized oxalic acid, only 28 per cent can be driven off 
by heat, bat that a farther quantity may be detached, by uniting the 
acid with oxide of lead. Taking the latter portion into account the 
"crystals consist of 58 acid and 42 water; aiid the real acid is thus 
constituted, according to his experiments: ' 

. • • =s 6 atoms* 

• • • ==» 4 atoms. 

• • • = 1 atom. 

Oxalate of potash forms flat thomboidal crystals, terminated by 
dihedral summits. Its taste is cooling an4 bitter. At 60^ Fi^ren- 
heit, it requires three times its weight of water for solution. There 
IS, also, a salt formed of the same base and acid, but with a considera- 
ble excess of the latter, called super^oxalate or binoxalate of 
POTASH. It forms beautiful four-sided prisms. The acid, which it 
contains, is double that in the oxalate; or if we suppose 100 parts of 
potash, and denote the quantity necessary to convert it into oxalate, 
by X, then 2 x will convert it mto super-oxalate. 

According to Berzelius 100 parts of potash are united, in the oxa- 
late, with 97^ parts of oxalic acid, and in the binoxalate, with 192.4. 
Exclusively of water, which, in the crystals of the oxalate, amounts 
to ir.31 per cent, they are composed as follows: 





Acid. 


Base. 


Oxalate of potash - . 


■ . *t^»oJS) . • 


. . 50.68 


Binoxalate of ditto 


. . 65.80 . . 


. . 34.20 



Quadroxalate of potash may be composed in several methods.* 
It was formed by Dr. Wollaston, b^ di^sting the super^xalate in 
nitric or muriatic acid. The alkali is divide^ into two parts, one of 
which unites with the mineral acid; and the^'pther half remains in 
combination with the oxalic acid. Hence the quadroxalate contains 
ibur times the acid that exists in the neutral oxalate, and twice as 
much acid as the super-oxalate; or its acid may be denoted by 4 or. 

Berzelius determmed that, in this salt, 100 parts of potash are 
combined with 380 parts of oxalic acid» or it consists of 

Potash ...... 18*95 

Acid 72.05 

Water ...... 9. 



100, 



Salt of sorirel was found by Berard tp be a true quadroxalate of 
potash. 

♦ See Berard, 73 Ann. de Chirn. 271, 

Vou IL—U 
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Oxalate of ssodA readily cfrystidUzes* ^fiti hft$ a taste nearly re- 
fien^bUog that af oxalate of potash. When heated^ it falls to powder, 
and loseis the whale of it^ water of crystallization. Soda forms, aiso« 
with oxalic acid, a, bim^algte, but no qttadroomlate* In the oxalate* 
100 parts of ^ioda are ^omUned with 143.5 parts of acid; in the binox- 
alate with 284.7, according to the analysis of Berzelius. 

Oxalate of ammonia crystallizes in long transparent brisms» 
rhomboidal, and terminated by dihedral summits, wl^C") according to 
Berard, contain 13 per cent of water. Its taste is bitter and unplea- 
sant. At the teniperature of 60% 1000 grainy of water dissolve only 
45 grains of the salt. The solution is of great use as a re-agent; for 
it precipitates lime frpm all its soluble combinations, and discovers it 
even when in very minute quantities. 

. In oxalate of ammonia, 100 parts of real alkali are united with 261 
parts of acid. A super-oxalate or binoxalate of ammonia, also, exists, 
which is less soluble in water than the oxalate. In this, 100 parts of 
base are united with 523 of acid. 

Oxalate of lime is an extremely insoluble salt It may be form- 
ed, either by dropping^ oxalic acid into lime-water, 6r by mingling the 
solutions of a salt with base of lime and of any of the soluble oxalates* 
When very slowly dried at the temperature of about 60*^ Fahrenheit* 
it is tolerabFy uniform as to it^ composition; and consists, adterding 
lo Ifr. Thon^son, of 

Acid 59.2 

Lime ...... 35.5 

Water ..... 5*3. . 



100. 



When rapidly dried, it is apt to concrete into hard lumps, which 
contain not less than 10 per cent of water. . It is soluble in nitric and 
muriatic acid; and henjte, in the use of oxalate of ammonia or oxalic 
acid as a precipitant, it is, necessary first to neutralize any excess 
of acidl ' ' . ' 

PxALAjTEs OF pARYTEs AND sTRONTiTEs are white tastelcss pow- 
ders of very sparing soliibiUty; but these earths, with an excess of 
acid, form more soluble siiper-oxalates. 

One hundred parts of s'trontites take 83.62 of oxalic acid for satu- 
ration. No super-oxalate exists with this baae. The qxalate of 
barytes is more soluble than the strontitic salt. It cons^ts of lOO 
parts of base, unitetl with 60.84 acid. A super-oxalate maybe form- 
ed, by heating muriate of barytes with oxalic acid. This salt, which 
shoots into crystals, has its elements so feebly combined, that it is 
decomposed by mere solution \\x water. It is constituted of 100 parts 
of base and 123 of oxalic a^id. 

Oxalate of MAG^JEsfA is a soft white powder, bearing a consider- 
able resemblance to oxalate of lime. It is tasteless, and not sensiblr 
soluble in water. Yet when oxalate of ammonia 4s mixed with sul- 
phate of magnet, no precipitate falls. It is composed of 100 parts 
of base and 265 of acid. 
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According to Dr. Thomson, 100 parts of oxalic acid saturate the 
following quantities of the several bases: ' 



Ammonia 
Magnesia 
Soda • . 
Lin^ . . 
Potasli . 
Strontian 
Barytes . 



34.12 
35.ri 
57.14 

6a 

122.86 
151.51 
142.86 



And the composition of the different oxalates is shown by the M* 
lowing Table: ^ 

Consist 
Jter Thomson of 
. A_ 1^ 



One hundred parts of 

t ^^— \ 

Oxalate of ammonia 

---—-. mwiesia 

' soda . . 

' lime . . 

' ' potash . 

strontian 

» barytes . 

" lead . • 



Conast 
per Beraixl of 

A 



Acid. ' 


Base. 


Acid. 


Base. 


74.45 . 


. 25.55 


*62.34 . 


. 27.66 


73.68 . 


. 26.32 


72.65 . 


. 27.35 


63.63 . 


. 36,37 • 


58.92 . 


. 41.08 


62.50 . 


. 37.50 


• 62.00 . 


, 38.00 


44.87 . 


. 55.13 


49.32 . 


. 50.68 


39.77 . 


. 60.23' 


45.54 . 


. 54.46 


41.16 . 


. 58.84 ' 


37.83 . 


. 62.|r 


25.20 . 


. 74.80 






24.54 . 


. 75.46t 




/ 



The lUxiye table is to be understood as applicable to the Mlts iQi 
their state of ordinary dryness. With the exception indeed of oxalate 
et potash, and perhaps of soda. Dr. Thomson is of opinion that, when 
8l(|jfirly and carefully dried, the proportioA of water is so small, tliat 
it may be oyerlooked. 



/ 



SECTION V. 

, . J\*ative Vegetable Jtoid^, 

Native vegetable acids are such as ajre found,, ready formed, in 
plants or their fruits, and require only pressure, and other simple pro- 
cesses, for their extraction. The following are the principal ones 
hitherto discovered : 



1. Citric. 

2. Gallic. 
S. Malic. 

4. Sorbic. 

5. Tartaric. 



6. Oxalic 

7. Benzoic. 

8. Acetic. 

9. Pnissic. 
10. Phosphoric. 



* This number should probably be 72.34; fori as it stands in the Tabiei the 
acid sAd base do not make up 100. 
t Berzeltus, 94 Ann. de Chim. 180. 
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Art. l^-^Citric Acid, 

Citric acid exists in tlie expressed juice of the lime and lemod^ 
along with a quantity of extractive matter and mucilage, and with. 
vaiw>le proportions of malic and sometimes of acetic acid. The 
process* tor obtaining it in a separate state, we owe to the ingeniiitjr 
of ScheeFe. To the expressed juice of the lime or lemon, containi^ 
in a vessel of earthen ware, or white wood, add, very gradually, finely 
powdered carbonate of lime (chalk or whiting,) and stir the mixta re 
well after each addition. An effervescency will ensue; and as long 
as thi^ arises, on adding fresh portions vf chalk, more chalk will be 
required. The exact proportion it is impossible to assisn, on account 
of the variable strength of the acid juice. In generd, from si:c to 
eight ounces of chalk are sufficient to saturate a wine-gallon of liote- 
juice. When it ceases to excite etTervescence, and the liquor has lost 
its sour taste, allow the mixture to settle; decant the liquid, andadd 
a quantity of water. Let the powder subside; tlie liquor be again 
decanted, and thrown away; and these operations repeated, till the 
water comes off nearly colourless. The insoluble precipitate consists 
of citric acid, united with lime; add to it a quantity of sulphuric acid, 
of the density 1.85 or thereabouts, equal to the weight of the chalk 
which has been employed^ and previously diluted with 10 parts of 
water. — ^Let the acid and precipitate remain together 24 hours; 
during which time they must be frequently stirred with a wooden 
ttpatiih. Then let the white sediment^ which consists of sulphate of 
Iime» subside; decant the clear liquor; add more water till it ^mes 
off tasteless; and mix all the liquors. t(^ether. The solution, con- 
taining citric and sulphuric acids, and some mucilage,sis to be evwo- 
rated first in a leaden boiler, and afterwards in shallow earthen dishes, 
placed in a sand-heat. Reduce the liquor to about one4burth of its 
bulk by evaporation; separate the sulphate of lime, which will be 
deposited, and a^ain. waste the liquor, by a heat not above £1S^, to 
the consistence of syrup. Brown crystals will form on cooling, which 
most be set to drain; and the remaining liquor, when again evapo* 
rated repeatedly, will continue to yield fresh crystals. To purify 
these, let them be dissolved in water; and the solution be again eva<» 
porated. Afler the second crystallization, their colour will be im« 
proved; but it will require three or four crystallizations to obtain 
them perfectly white and well formed. In tliis state, they are the pure 
citric acid. 

Tiie proportions, which I have recommended for the preparation o^ 
Citric acid, differ a little from those, which hav« been oeduced by 
Proust from his experiments. Four ounces of chalk saturated, he 
found, 94 ounces of lemon juice; the citrate of lime weighed seven 
ounces four drachms. Bnt the four ounces of chalk, or 32 drachms* 
contained only I7i drachms of lime; and, from the analysis of citrate 
of lime, it appears to contain 70 parts of citric acid in 100. Hence 
the seven ounces four drachms contained 41^ drachms of citric add. 
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Bttf to expeV the carbonic acid completely from fouc oances of chalk, 
five ounces of sulphuric acid of commerce were found necessary. This 
propottion, therefore, he etnployed in decomposing the citrateof lime* 
oix ounces of the citrate, by two crystallizations, ^ve SJ ounces, or 
9^ drachms, of pretty large crystals; from whence it follows that the 
whole 7^ ounces would have ^iven 4 ounces 3 drachms of citric acid^* 

The. preparation of solid citric acid on the large scale of manufac- 
ture requires an attention to a number of minute circumstances, which 
are stated at length by Mr. Parkes in the 3d volume of his Chemical 
Essays, or in the 46tli volume of the Philosophical Magazine. 

The citric acid,* which is made for sale, is generally prepared from 
lime-juice* The quantity of solid citric acid, m a gallon of this juice, 
varies considerably. I h^ve found it as high as twelve avoirdupois 
ounces; but about six or eight ounces to lie wine gallon is a fair 
general average. The only method of ascertaining its proportion 
consists in adding, to a quantity of the juice, solution of pure potash 
till saturation is piHiduceMl. Liquid po&sh, of a fit strength for this 
purpose, may be prepared by bmliog two pounds of American potash 
with one pound of quicklime, previously slaked to a tliin 4>2||»te, and 
a gallon of water, in an iron pot, during half an hour. The solution 
may be strained through calico, and reserved for use in well stopped 
bottles. When employed as a test, one measure may be added to 
three measures of water; and it is pi*oper to ascertain, by experiment* 
how much of this solution is requisite to saturate an avoirdupois ounce 
, of white crystals of citric acid. It will then be easy, by saturating 
with the same alkaline liauor, an aliquot part of a wine gallon of any 
sample of lime or lemon juice (judging of the point of saturation by 
test papers) to calculate what c^uantity of solid acid is contained in a 
gallon of tne juice under examination. This, pf course, implies that 
the juice is not contaminated with any other acid. 

Pure citric acid forms beautiful transparent crystals, consisting of 
two four-sided pyramids joined base to base, or^ sometimes of rhom- 
boidal prisms. An ounce of distilled water, at 60° Fahrenheit, dis«. 
solves an ounce and a quarter of tliese crystals, or at the boiling tem- 
perature twice its weight The crystals do not attract moisture from 
the atmosphere. They contain per cent, according to Berzelius, 

Real acid 79 

Water 21 

100 . 

Only a small part of this water, viz. about 7 per cent, can be driven 
off by a degree of heat, just below what is sufficient to decompose the 
acid. The real proportion of water can only be determined, by uniting 
the acid with Some basis, oside of lead for example. 

Citric acid is decomposed at a high tem'perature, and yields pro- 
ducts, which are constituted of carbcm, hydrogen* and oxygen in un- 

> 
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^rtain proportioiif. A better method of effibctinff its analjm is tiiat 
practised by Gay Lussac and Thenard, viz. coim>ustion vrith hyper<» 
exymttriftte of potash. Bj tUs process, they determined it to con- 
siatof 

Carbon 33.811 

Oxygen 59.859 

Hydrogen ...... 6.330 

100. 

Berzelius obtained results, differing considerably from tliese; owing, 
he believes, to the want of due allowance, by Gay Lussac and The- 
nard, for the quantity of water of crystallization. His proportions 
are 

Carbon ....... 41.369 

Oxygen 54.831 

Hydrogen 3*800 

^ ♦ — 

100.* 

When treated with about three times its weight of nitric acid, the 
citric acid fe converted partly into the oxalic, of which it gives half 
its wei^t. As the proportion of nitric acid is increased, that of the 
oxalic is diminished, till at length it disappears altogether, and acetic 
acid appears to be formed. 

Citric acid readily unites with alkalies, earths, and metallic oxides. 

Citrate of potash. — According to Vauquelin, 36 parts of crystal- 
lized citric acid, dissolved in water, require for saturation 61 of crys- 
tallized bi-carbonate of potash: and the result is an extremely soluble 
and even deliquescent salt, composed of 55 ^ acid and 44 j alkali. 

Citrate of soda is a very soluble salt. Thirty-six parts of citric 
acid neutralize 42 of dry sub-carbonate of soda; and hence 100 parts 
of the citrate consist of 60.7 acid and 39.3 base. 

Citrate of ammonia.— The same quantity of citric acid saturates 
44 parts of sub-carbonate of ammonia; and a&brds a soluble and dif- 
ficultly crystallizable salt, composed, in 100 parts, of 6£ acid and 38 
base. 

Citrate of barttes consists of equal weights of acid and base. 
It is an insoluble salt of little importance. 

Citrate of magnesia.— Thirty-six parts of crystallized acid neu- 
tralize 40 parts of sub-carbonate of magnesia* Hence 100 parts of 
ike salt contain S3.S4 base and 66.66 acid. The salt is soluble, but 
not crystallizable. 

Citrate of LiME.**~Cnr8tallized citric acid, dissolved in water, re- 
quires an ec|ual weight or chalk for saturation. The compound, when 
neutral, ui insoluble; but with an excess of acid it becomes readily 
soluble. It was found by Gay Lussac and Thenard to consist of 

* Ann. de Clavu xciv. ITS. 
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Acfd . . • ^ • . . . 68.§S 
Lime ........ S1A7 ' 



100. 

The METALLIC CITRATES haTc been but Ktde examined. The com- 
pounds of this acid with the oxides of iron are of the most import 
tanee; from the use which is made of it as a di8chai*eer in calico- 
printing. Citrate oflead has been analyzed by Berzelras* and found 
to consist of 

Acid . 34.18 .... 100 

Protoxide of lead . . .; 65.82 .... 190 



Art. £••«— GfaUic Jlcid* 

The ficid exists in thegall-«ut, along with tan* and other substances. 
In Sir H. Davy's experiments, 400 grains of a saturated infusion of 
galls, gave, by evaporation, 53 of solid matter, composed of ];^ine* 
tenths tan and one-tenth gallic acid. The acid may be obtained by 
exposing an infusion of gaRs in water to the air. A mouldy pellicle 
will form on the surface of the infusion; and, after some months' ex- 
posure, small yellow crystals will appear on the inside of the vessel. 
These crystals contain both tan and gallic acid.* To purify 11iem» 
tliey must be dissolved in alcohol, and the solution cautiously evapo- 
rated to dryness. 

Gallic acid may also be procured by sublimation. Pounded galls 
are to be put into a retort, and heat applied. Th^ gallic acid will 
rise, and be condensed in the neck of the -retort in a solid form. This 
process is recommended by Deyeux as preferable to any other. 

The gallic acid may be separated from the infusion of ^lls, by 
adding muriate of tin till the precipitate ceases to appear. This pre- * 
cipitate may be reserved for the experiments detailed under the ar- 
ticle Tan. From the remiuning solution the superabundant oxide of 
tin must be precipitated br sulphuretted hydrogen gas, and the clear 
liquor, on evaporation, yields crystals of gallic acid. 

From one ounce of galls, according to Haussman, about three 
drachidn of gallic acid may be obtained. 

In Nicholson's 8vo. Journal, vol. i. page £36, a very simple process 
for obtaining eailic acid is proposed by Sf. Fiedler. Boil an ounce of 
powdered galls, in sixteen ounces oif water down to eight, and strain 
tile decoction. Precipitate also two ounces of alum, dissolved in water» 
with a sufficient quantity of carbonate of potash, and, after bavins 
washdl the precipitate extremely well, add it to the decoction^ and 
digest the mixture for 24 hours, shiunng frequently. The alumine com- 

* Berzelias, 94 Ann de CU|d. 303. 
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iMnes wi£h, and carries down, both tbe tan and extract; and the fil- 
tered solution yields, bj gentle evaporation* crystals of gallic acid. 

By ndne of these processes, however, can sal lie acia be obtained 
perfecdy pure; for it still, according to Sir H. Davy, is contaminated 
with a small portion of extract — ^To purify it, Deyeux advises its 
sublimation. Over a glass capsule, containing the impure acid, and 
placed in a sand -heat, another capsule is to be inverted, and kept 
cool. — On the impression of the beat, the acid rises into the upper 
one, in the form of white needle-shaped crystals. 

The pure acid has the following characters: 

1. Its crystals have the form of transparent plates or octohedrons. 
They have an acid and somewhat astringent taste. 

2. Gallic acid bums with flame, when placed on a red-hot iron, 
and emits an aromatic smell. 

^3. It b soluble in 24 parts of cold, or three of boiling water. Alco- 
hoj^ when cold, dissolves one-fourth, or an equal weight when heated. 

4. The solution reddens blue vegetable colours; but Berzelius de- 
nies its action on the colour of turnsole* It effervesces with alkaline 
carbonates, but not with earthy ones. 

5. Nitric acid converts the gallic into oxalic acid. 

6. It unites witli alkaline solutions without producing any deposit; 
but from watery solutions of lime, barytes, and strontites, it occa- 
sionS a bluish precipitate. Of the combinations of earths with acids^ it 
decomposes those only with base of glucine, yttria, and zircon. 

7. It precipitates most metals from their solutions; gold, silver, and 
copper, of a brown colour; lead, white; mercury, orange; bismuth, 
yellow; and iron, deep black. The precipitate from solutions of iron 
IS soluble in an excess of acid. It torms the basis of inJk, which, ao 
cording to Deyeux, consists of carburetted oxide of iron, and gallate 
of iron. 

8. B V a moderate heat, it is sublimed without alteration, but a 
strong neat decomposes it; and aeriform products are fonned> which 
show it to consist of hydrogen; oxygen, and carbon, in proportioxxs 
not yet exactly determined. 

A full and valuable history of the gallic acid, and the process for 
obtaining it, by Bouillon la Grange, may be consulted in Nicholson^ 
Journal, xvii. 58.* This chemist has, however, expressed a doubt of 
the claim of the gallic acid to be considered as a distinct acid, and 
suspects that it is only a modification of the acetic. Its properties* 
he remarks, differ according to the method in which it has been pre- 
pared.t 

• The reader will find, also, much important matter on thia subject in Messrs. 
Aikin's Dictionary of Chemistiy, article Gall Nut, and in Dr. Bostock's papers 
in Nicholson's Journal, xxiv. 

t Annales de Chimie, Ix. 156« 
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Abt. 3.— -JUoZtc ^cid. 

This ^id exists in the jttice of apples, gposeberries, and of some 
other fraits, and is found mixed with tne citric, and occasionally with 
other acids. It mar be obtained bj evaporating the juice nearly to 
dryness, and then aading alcohol, which dissolves the acids, and leaves 
the macila^e. To this solution of citric and malic acids in alcohol* 
chalk is to be added to saturation, and the precipitate to be washed 
with boiline water, which takes up the malate of lime, and leaves the 
citrate. Tnt solution of the malate of lime may then be decomposed 
by sulphuric acid. 

Or the juice of the apples may be saturated with carbonate of pot- 
ash, and mixed with a solution of acetate of lead, till the precipitate 
ceases. This precipitate is to be washed with water^ ^nd dilute sul« 
phuric acid is to be added, till the liquor a^mres an acid taste, un- 
mixed with any sweetness. Th* liquor is to be filtered, to separate 
the sulphate of lead, ^d evaporated. It yields no crystals, but a thick 
liquor of a cherryH'ed colour. •A strong objection to this process is 
that the juice of apples contains not only malic but sorbic acid, which 
also giv^s with lead an insoluble salt 

Vauquelin has shown that the malic acid may be obtained advan- 
tageously from the juice of house-leek {sempervivum teoB^Mm) by 
Mding acetate or nitrate of lead, and decomposing the insoluble 
malate with sulphuric acid, added in aUsht^xcess. To remove the 
reduhdant sulpnuric acid. Gay LussaP&ils the liquor with a small 
quantity of litharge, and throws down the oxide of lead by a current 
of sulphuretted hydrogen. He then evaporates to the consistence of 
syrup, and adds alcohol, which separates the malic acid from a portion 
of malate of lime. The aleol)ol is then distilled at a gentle hea^ and 
the residue dissolved in water. It is formed, also, by tlie action of 
nitric acid on sugar. Equal weights of the two are to be distilled 
together, till the mixture assumes a brown colour. The oxalic acid 
may be separated by adding lime-water; after which, the remaining 
liquor is to be saturated witn lime and filtered. On the addition S 
alcohol, a coagulum of malate of lime is formed, which may be dis- 
solved in water, and decomposed, as before directed, by acetate of 
lead; and afterwards by sulpnuric acid. This process Mr. Donovan 
finds to be extremely uncertain and costly. 

The malic acid is liquid, and incapable of being crystallized; for, 
when evaporated, it becomes thick ana viscid, like syrup. It is scarce- 
ly.possible to obtain it free from colour. It is very soluble in water. 
By keeping, it undergoes a kind of decomposition. Nitric acid con- 
verts it into oxalic acid. It unites with alkalies and earths. With 
lime it forms a salt which is almost insoluble in cold water, but readily 
soluble by hot; and in . consequence of this last property, it may be 
easily separated from the oxalic, citric, and tartaric acids. When 
perfectly pure. Gay Lussac has shown that it does uot decompose 
eitiier nitrate of silver or nitrate of lead** 

* Ann. 4c CWm. et Pbys. vi. 330. 
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Aht. 4.—- 1?« ths Sorbic Acid. 

This acid was discovered by Mr. Donovan in the juice expressed 
from die bemes of the sorbm ducuparia, or service-tree;* aud its 
claim to be considered as a distinct acid has been established, not 
only by his experiments, but by the subsequent examinations of Vau- 
quelin and Braconnot*t It had escaped the sagacity of Scheele, who 
had overlooked its existence not oqiy in the juice of the sorbus, but 
in that of apples, of which it forms ^e principal ingredient; and Bra- 
connot has found it, also, in the juice of unripe grapes. 

The fruit of the sorbus, collected about the month of October a little 
before it is perfectly ripe, is to be bruised in a porcelain or marble 
inortaic^and submitted to a strong pressure. Vauquelin recommends 
that the julce^4hus obtained, should be allowed to remain 12 or 15 
days in a moderately oiirin place. By the fermentation, which it 
thus undergoes, a quantity WvWi<i matter is deposited, which may 
be separated by filtration. The clear Itq^ftoc^jpnay be mixed with a 
solution of acetate of lead, which affqrds a copious jpreinpiiate. This 
is to be washed on a filter, first with a large quantity of cold water, 
to free it from colouring matter; and next with repeated quantities 
of boiling water, tiie hot washings only being reserved in a series of 
glass jar^ After some hours, they become opaque, and deposit crjs^ 
tels of siugulat, lustre and beauty, resembling benzoic acid. Thos?, 
which have been formed in the colourless washings, are to be collected 
on a filter, dried in the air, AH preserved for a subsequent process. 

The original mads, remaining on the filter, is next to be boiled for 
half an hour with a slight excess of diluted sulphuric acid ; ai^d when 
cold is to be filtered. The clear liquor is to he mixed, a second time, 
with acetate of lead; the precipitate washed as before with boiling 
water; and the crystals jselectcd from the colourless washings onlj. 
The remaining mass is again to undergo the action of sulphuric acid 
as before. 

The crystals, thus collected, are to be boiled for. half an hour with 
2.3 their weight of sulphuric acid of the specific gravity of 1090, sup- 
plying water as it evaporates, and taking care to keep tiie materials 
suspended, by stirring constantly with a glass rod. The clear liquor is to 
be filtered off, and poured into a tall and narrow glass jar. While still 
hot, sulphuretted hydrogen gas is to be passed through it, till all the 
lead has been precipitated. The fluid is then to be filtered, and boil- 
ed in an open vessel, until the vapour ceases to blacken paper, on 
which characters have been traced with acetate of lead. 

The acid liquor thus obtained, when evaporated to a syrup, shooto 
on cooling into mamillary crystals, which have a very soiir taste, and 
deliquiate in a moist atmosphere. 

• Braconnot prefers obtaining tiie acid bjr the intermediation of liffl« 
rather than of oxide of lead, by which process he procures a larger pro- 
portion of acid4 In the juice of the ^orbm, he finds that the peculiar 
acid is not pure, but mixed, with malic ^acid. 

• Phil. Trans. 1815. f Ann. de Chim. et Phys. ▼»• 

* Ann. de Chim. et Phys. vi. 241. 
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The sorbic acid, when subihitted to dist9Iatioii, melts and yields 
acid vapours, and finally sublimes in white needle-shaped crystals, 
which are intensely sour, and are the acid somewhat altered. 

The Vatery ^lution of sorbic acid does not precipitate Hme-water 
or barytes-water. From acetate of lead it throws down a white floe- 
culent pH^cipitate, which, on standing, assumes a crystalline form. 
This is one of it^ most distinctive characters. 

It agrees, to a certain extent, with the tartaric acid in forming salts, 
which become less soluble by increasing their proportion of acid. 
But the capacity of saturation is greater in the tar^ric acid, which 
saturates a quantity of base containing 11.94. of oxygen, while the 
sorbic saturates a quantity equivalent only to 11. 

The sorbates have been examined by Ian Donovan, and more fully 
by Braconnot, whose memoir contains a detailed account of their pro- 
perties and composition. 

The sorbic acid has been analyzed by Yauquelin, by combustion 
with ojLide of copper, and its composition is stated to be 

Hydrogen ,. . . . . . . 16.8 

Carbon • . . . . . j. £8.3 

Oxygen • ; . . . . . \ 54.9 

100. 



Art. 5. — Tartaric dcid, and its Combinations. 

The tartaric acid is generally obtained from the supertartrate of pot- 
ash (common cream of tartar) by the following process: 

Let 100 parts of finely powdered cream of tartar be intimately 
mixed with about 30 parts of pulverized chalk. This is best done 
by grinding them together in a mortar, and passing the mixture through 
a sieve. Let the mixture be thrown, by spoonfal, into eight or ten, 
times its weight of boiling water; waiting for the cessation of the vio- 
lent effervescence, which is produced by each addition, before any 
more is thrown in. .This method I find preferable to the entire solu- 
tion of the cream of tartar in the first instance, which requires a very 
large quantity of water. If it should appear, from the effect of the 
liquor on litmus paper, that the chalk has not been added in sufficient 
quantity, more may be gradually used, till the colour of the litmus is 
no longer reddened. 

By this operation, a quantity of insoluble U|rcrate of lime will be 
formed, which is to be allowed to subside, and washed, three or four 
times, with cold water. To the tartrate of lime, diffused through a 
sufficient quantity of water, concentrated sulphuric acid may be add- 
ed, equal in weight to the chalk which has been employed. The mix- 
ture may 'be allowed to stand for 9A hours, during which it should be 
frequently agitated. Assay a little of the clear liquor, by pouring 
ikito it some solution of acetate of lead. A copious precipitate will be. 
formed, which may either consist of tartrate of lead, or of a mixture 
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of tartrate wkh sulphate of lead. To determine this, add diluted 
mtric acid, which dissolves the tartrate, but not the sulphate. A small 
proportion of the latter is desirable, because the tartrate of lime can- 
not be wholly decomposed without an excess of sulphuric acid; but a 
lai^ excess of that acid is injurious, from its redacting on the tarta- 
ric acid, when heat is applied in the subsequent part of the process. 
The deficiency of sulphuric acid should be supplied by adding more; 
or a great redundance of it removed by the addition of a little chdik. 
The evaporation of the solution may now be carried on, in a manner 
precisely similar to that directed for the citric acid; and t&e crystals 
purified by a second solution and evaporation. 

The liquor remaining after the addition of chalk. con»s(sof the 
neutral tartrate of potash. It may be decomposed by adding muriate 
of lime, till no farther precipitation ensues. An insoluble tartiute at 
lime fails down, which may be decomposed by sulphuric acM, in the 
way already direc,ted. Or the tartrate of potash may be evaporated 
to dryness, and reserved for other purposes. If the tartrate of Ume 
be formed by the first operation only, the product of crystallized acid 
amounts to between one*fourth and one-fifth the weight of the cream of 
tartar. But the decomposition by muriate of lime doubles the quan- 
tity of acid produced. 

Quicklime has been recommended as a substitute for chalk in this 
process; but I have never found that it could be employed with any 
advantage; for a quantity of caustic potash is set at liberty by m 
action, which dissolves tiie tartrate of lime, and prevents it from pre- 
cipitating. Wl>en chalk is employed for saturation, that part of the 
acid only is neutralized, which constitutes the step^r-salt; but with 
quicklime the operation is carried still farther, ana the neutral tar- 
trate, also, abandons its acid. 

The tartaric acid forms regular crystals, the shape of which varies 
considerably according to the circumstances of their preparation. 
They require for solution five or six parts of water at 60® Fahrenheit; 
but ai*e much more soluble in boiling water. The solution, like that 
of most other vegetable acids, acquires a mouldy pellicle by keeping. 
The crystals were found by Berzelius to consist of 

Real acid 88.75 

Water * : 11.25 



100. 



Bergman exposed tartaric acid to distillation with nitric acid, in 
the manner of obtaining oxalic acid, but without being able to pro- 
duce the latter acid. Hermbstadt, however, by using a very concen- 
trated nitric acid, succeeded in converting the tartaric into the oxalic 
acid, and from six drachms of the former obtained four drachms and 
two scruples of the latter. Westrumb, also, was successful in tlie 
same attempt, and adds that the tartaric acid may be changed into 
the acetic by digestion with water and alcohol. 

When distilled alone in a strong heat, the tartaric acid is decom^ 
posed; it yields ^quantity pf dark-coloured acid liqupr^ which hai 
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Vrroneously been supposed to be acetic acid; and a large qaanttty of 
combiistible gas is bbtainedw 

From the experiments of Fourcroy and Vauquelin, it appears that 
the pyro-tartanc acid is a peculiar species. From the acetic, it differs 
in bemg less volatile and less odorous; in being crystalltzable bj eya^ 
poration; and in affording; with potash, a salt which precipitates ace- 
tate of lead. It is distineoished from the tartaric acid, in not occa* 
iHoning anj preglpttate from the acetates of lime, of barytes, or of 
lead ; and in not forming, with potash, an insoluble salt when the acid 
is in excess.-— Influenced by the results of these experiments, the same 
chemists submitted the pyro-mucous and pyro-lignous acids to a fresh 
ZSid rigid examination, which terminated in the conviction that they 
both^consist of acetic acid, holding in combination a quantity of em* 
pyreumatic oil.* 

Tartaric acid has been ftnalyzed by Gay Lussac and Thenard, and 
by Berzelius; and their results are contuned in the following Table. 
One hundred parts consist. 

Carbon. Oxygen. Hydrogen. 
According to Gay Lussac, of . 24.050 • . 69.3^1 . . 6.6£9 
Berzelius, of . . 35.98~ . . 60.28 . . 3.74 

The disagreement of these results arises, probably, from the omis- 
sion of part of the water of crystallization in the estimate of tiie two 
first^nentioned chemists. 

Tartaric acid unites, with alkaline and earthy bases, and affords a 
distinct class of salts called tartrates. 

Tartrate of potash may be obtained by adding sub-carbonate of 
potash either to cream of tartar, or to the solution of the crystallized 
acid, till all effervescence ceases. According to Von Packen 120 
grains of sub-carbonate require for saturation 1 12 of pure tartaric 
acid. Mr. R. Phillips finds that 100 parts of cream of tartar require for 
neutralization 43 J of sub-carbonate of potash. The resulting salt is 
very soluble, and even deliquescent It is composed, accoraing to 
Berzelius, of 

Acid ..... 58.69 100. 

Base ..... 41.31 70.4 



100. 



SlTPER-TARTRATE, OR BI-TARTRATE OF POTASH.— If ittto a SoltttlOn^ 

of tile neutral tartrate, we pour a solution of tartaric acid, a white 
powder falls down in great abundance, which is a compound of the 
neutral salt, and an aiklitional quantity of acid. This is an example 
of the diminution of solubility, by an increased proportion of the acid 
ingredient ei a salt The tartaric acid, in tiiis proportion, has even 
so strong an affinity for potash, that it separates this alkali from the 
-mineral acids. Thus by addins tartaric acid to the muriate cf pot* 
ash, we obtain a precipitate of bi-tartrate of potash. 

* Amudes de Chunie, bdv. 43 ; or Nicholson's Jooxnal, zxri. 44. 
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The si^stance, which is knoi^n in commerce under the name of 
tartar^ is an imnure variety of this salt When purified^ it affords 
white crystals, tne form of which has been described b j Dr. Wollas- 
ton.* These crystals, by being reduced into powder^ become the 
cream of tartar of the shops. - 

Bi-tartrate of potash requires for its solution a very laqee quantity 
of water, not less than 120 parts of water at 60*^ Fahreah^t, or 30 at 
21£°. Hence its solution deposits the ^alt on cooling in such quanti* 
ty as amounts almost to precipitation. 

Bi-tartcate of potash, it is observed by Gay Lussact^ acts, in loanj 
cases, like a simple acid, and even dissolves oxides that are insoluble 
in^he mineral acids and in the tartaric acid. He proposes its use, 
therefore, in mineral analyses. 

From the experiments of Berzelius, its composition inay be stated at 

Acid 70.45 . . , . . 100. 

Potash .> 24.80 . . . . • 35.2 

Water • . . . . 4.75 



100. 



I 



This small portion of water appears to be essential to the salt; for 
it cannot be separated by heal^ i/iithout decomposing the acid. When 
100 grains of tne salt are incinerated, so as to destroy the acid, the 
alkali. obtained is exactly sufficient to neutralize lOO grains of thebi- 
tartrate; a proof that the potash in the acidulous salt is combined 
with twice as much acid, as in the neutral compound. 

By the destructive distillation of bi-tartiate of potash, Fourcroy 
and Vauquelin obtained, exclusively of acid and charcoal^ of 

Pure dry sub-carbonate of potash . • . 350. 

Tartrate of lime 6. 

«ilex 1.2 

Alumine 0.25 

Iron and manganese ••....* 0.75 

TARTEiiTE OF POTASH AVD SODA may be formed by neutralizing^ 
parts of cream of tartar with 18 parts of sub-carbonate of soda. The 
resulting salt is well known, from its being employed in medicine 
under tne name of Bochelle 8alL It requires, for solution, about 
five parts of cold water, but much leiss at the boiling temperature. 
From the experiments of Vauquelin it appears to be composed of 5i 
parts of tartrate of potash, and 46 parts of tartrate of soda. 

The EARTHT TARTRATES havc uo particularly interesting properties. 
With the exception of those of ma^eda and alumine, they are inso- 
luble. Tartrate of lime consists oi77i acid and 22J base^ and tar- 
trate of lead of $7i acid and 62 j oxide. 

• Thomson's Annals, x. 37. f Ann^ de Chim. et Pbys. iii. 281. 

i Ann. de Chim. ixiv. 48. 
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Art. 6. — B^nxoie Add. 

This inAyj>6 obtained from a substance termed gum benzoin or 
J)enjamin. The process consists in pulverizing a pound and a half of 
gum benzoin with four ounces of quicklime, and then boiling them 
for half an hour in a gallon of water, constantly stirring. When cold, 
the'clear liquor is poured off; and what remains is boiled, a second 
time, in four pints of water, the liquor being poured off as before. The 
mixed liquids, after bein^ boiled to one naif, are filtered through 
paper; and muriatic acid is gradually added, until it ceases to pro* 
duce a precipitate. Finally, after having decanted the liquid, the' 
powder is dried in a gentle heat, and sublimed from a proper vessel, 
placed in a sand-bath, into cones of writing paper. 

Benzmc acid has a peculiar and not disagreeable odour. Its crystals 
are soffc» and cannot oe reduced t« powder. It is volatilized, in white 
fumes, by a moderate heat It reqmres for solution about 9A times its 
weight ojf bujlinff water, which, as it cools, lets fall 19-SOths of what it 
had dissolved. It is soluble in alcohol. > 

The composition of this acid has been ascertained by Berzelius,as 
fellows: 

Carbon ....... 74.41 

Oxygen S0.43 

Hydrogen 5.16 

« 

100. 

The compounds, which it forms with alkaline and earthy bases, 
called BENzoATEs, are fully described by Hisinjger in the 40th volume 
of the Philosophical Ma^zine, and by iBerzehus in the 90Ch volume 
of the Annales de Chimie. 



•Art. r.— 2%e Oxalic Acid 

Is also found native in the juice of sorrel, forming a quadroxalate, 
and, as appears from the experiments of Yauquelu, in the Rheum 



Palmatum. 



Art. 8: — Moroxylic Acid. 



Mr. Klaproih has lately discovered a new acid, combined with lime 
and extract, in a saline mass, which exudes from the trunk of the 
white mulberry, morm alba, L. It was collected, by Dr. Thomson, 
from trees in the botanic garden at Palermo; and seems peculiar to 
those individuals that ffrow in hot climates. Its characters have not 
been fully ascertained. Trom its origin, it has been called, by Klaproth, 
MORoxYLic ACID, aud its compounds moroxtlates.* 

* So^ Nicholson's Journal, 8vo. vii. 139* 
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Art. 9. — Tht Laceic Add 

(Which, in strictness, should be classed among animal acids} is 
obtained from the white lac of Madras, from which, when liquefied, 
it oozes out in drops. It is in the form of a reddish liquor, havii^ » 
lightly bitter saltish taste; but, on evaporation, it shoots into acicular 
ciTstals. It may be raised in distillation. It combines with carbonate 
of lime and soda, and excites effervescence. It precipitates bary tic 
salts; assumes a green colour with lime-water, and a purplish one 
with sulphate of iron. A full account of its properties* and of those of 
the substance that affords it, may be found in Dr. Pearson's paper in 
the Philosophical Transactions, 1794.. 



AuT. 10. — Phdsphorie Acid 

Exists in almost all vegetable substances, and particularly in all the 
varieties of grain, not however in a free state, but in combinatioii 
chiefly with potash and liiQe. Hence the coal of almost all kinds of 
seeds affords phosphorus by distillation, a fact originally observed t>J 
Margraaf, and confirmed by the experiments of Saussure.* 



Art. 11. — The Prujssic Acid 

Has been discovered In water disUlled from bitter almonds, from 
the leaves of the laurel, and from peach blossoms, and in the bark of 
Hieprunus padus. When the distilled liquid % neutralized with. pot- 
ash, a crystallizable salt is obtained, the solution of which throws 
down Prussian blue from the salts of iron. Yauquelin, also, obtained 
prussic acid by distilline water, with a very gentle heat, from the 
Kernels of apncots.t l%e properties of the prussic acid will be de- 
scribed in the chapter on animid products. 



Art. 12. — Boletic Acid. 

This acid was first obtained by Bracohnot, from tlie juice of the 
boletus pseudo-^narius^X The juice was boiled, filtered, and evapo- 
irated cautiously, to the consistence of syrup. This was repeateol j 
digested in alcohol; the insoluble portion was dissolved in water, 
and precifiitated by nitrate of lead. The white precipitate, thus ob- 
tained, was mixed with water, and decomposed by sulphuretted hydro- 
gengas. The liquid, being evaporated, gelded crystals of frok^ocii. 

The crystals, when purified by solution in alcohol, and re^crystal- 
liT^t^«p, are white, ana have the shape of irregular four-sided prisms. 

* Nicholson's Journal^ xzv. 279« 
t AiNialesdeChiBue, ztr. 306. 
i Thomson's Annsb, ii. 469. 
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Thej require 180 parts of w^ater at 68° to didsolre them, and 45 
parts of alcohol. The aqueous solution reddens vegetable blues, pre- 
cipitlttes nitrate of lead ; and throws down the peroxide, but not the 
protoxide of iron from its solutions. Nitrates of silver and mercury 
afford v^ith it a white precipitate. 

With the alkalies and earths, it unites, and forms a class of salts, 
which may be called boktates* 



Akt. 13. — Jlcid discovered by Braconnot 

An acid of a peculiar nature was discovered some years ago, by 
Braconnot, in vegetable substances,* which have undergone the 
acetous fermentation. He first procured it from rice, which had been 
hfU mixed with water, at a gentle heat, till it had become sour. When 
drained in a woollen bag, a liquid passed tlirough, which gave acetous 
acid by distillation. Continuing the evaporation, almost to dryness, 
a gummy substance was left, having a aecidedly acid taste. This 
was digested in alcohol, and the solution, evaporated to the con- 
sistence of syrup, became a granular crystalline mass, with a strongly 
acid taste« It still, however, contained a salt with base of lime. Tne 
excess of acid was, therefore, neutralized by oxide of zinc; the salt 
obtained was decomposed by baryte^; and the barytes precipitated 
by sulphuric acid. The liquor, being now carefully evaporated to a 
sjrup, left an uncrystallizable, almost colourless, acid, nearly as 
strong to the taste as the oxalic. 

With potash and soda, this acid gave deliquescent salts, soluble in 
alcohol; and, with ammonia, a crystallizable salt It formeiL with 
lime, a salt, which required £1 times its weight of water for^soiution; 
with strontites, a salt soluble in 8 parts oT water; with barytes a 
gommy substance; and, with magnesia, small granular crystals, which 
were not soluble in less than £5 parts of water* 

Dr. Thomson, in the 5th edition of his Svstem of Chemistry, has 
proposed for this acid the name of Zumic Acid^ from {V/^ leaven. 



Art. 14. — iZfeeifffiic Jleid* 



A new acid was announced by Mr. Henderson as existing in the 
items of garden rhubarb; but as he candidly admits the posswility of 
bllacy, and as his discovery has not been confirmed by the subse* 
quent experiments of Mr. Donovan, it may be ^^nfficient to refer 
to (heir respective papers in. Thomson's Annals, viii.d4r, and ix. lOS. 



* 86 Ann. de Chim. 84. 
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Art. 15* — JKnic •tfcirf. 

When yellow Peruvian bark is macerated in cold water, and the 
infusion concentrated and set apart for some time in an open yessel, 
a salt crystallizes from it in square or rhomboidal plates; having no 
taste; soluble in five parts of cold water; and insoluble in alcohol. 
From this salt, first obtained by M. Deschamps, jun. of Lyon, Vau- 
quelin separated the lime by oxalic acid, and concentrated the re- 
maining liquor to the consistency of a syrup, which he set aside for 
a week, when, on touching it with a glass rod, it crystallized at once 
into divergent plates. Its colour was slightly brown ; its taste ex- 
tremely acid and rather bitter; and it was readily soluble in water. 
It is distin^ished from other vegetable acids by its forming a soluble 
salt with hme, and by its not precipitating silver or lead from their 
respective solutions.* 



SECTION VL 
Fixed Oils. 

1. These oils are obtained, by pressure, from certain v^tables; 
as the olive, the almond, linseed, poppy-seed, rapeseed, &c. 

^ As tiius obtained, they are generally found combined with mu- 
cilage, t6 the spontaneous decomposition of which is chiefly owing 
Ae change that oils undergo by keeping, called rancidity, 

3. They are ustially coloured, but may be deprived of coloar by 
digestion with charcoal. 

4. Their specific gravity is commonly between tliat of alcohol and 
water. Hence they sink in the former, and float on the surface of 
the latter fluid. They cannot, by strong agitation, be brought to com- 
bine with water, but always separate on standing. When the seeds, 
however, which contain them, are rubbed with water, especially if a 
little sugar be added, an imperfect solution is obtained called an emml" 
siofu On adding an acid to this, the oil is detached, and floats on 
the surface. 

5. The expressed oils of linseed and of olives, Mr.Brande finds, are 
very sparingly soluble in alcohol of apecifio gravity .SSO. Four ounce 
liieasures of alcohol dissolve a drachm of hnseea oil. Castor oil is 
perfectly soluble in every proportion in aldohol of .SSO* but not in 
weaker alcohol.t 

6. Four ounce measures of sulphuric ether of specific sravity .7563 
are capable of dissolving a fluid ounce and quarter of oiiof almonds; 
a fluid ounce and half of olive oil; and almost any proportion of cas- 
tor oil. (Brande.) 

r. Some of the fixed oils congeal, or become solid, by a very mode* 
rate reduction of their temperature; and others, as palm oil, are per* 
manently thick, or form a soft solid like butter, at the temperature of 
the atmosphere. 

* Ann. de Chim. lix. 162. 

t PhU. Trans. 1811, p. 265. 
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8. They unite ^A alkalies, and^ form soap. The soap, howeTer* 
which is commonly manufactured in this country, is maae by com- 
bining the fixed alkalies with tallow. Of the processes followed in 
the preparation of soap, both from vegetable and animal pils, an excel- 
lent description is siven in Messrs. Aikins' Chemical Dictionary. A 
memoir of Chevrcul on the Combination of Alkalies with Fat may, 
also, be consulted in the 88th and 94th volumes of the dnnales de 
£%mi«, and a paper of Colin on the manufacture of hard' soap is con- 
tained in the 3d vol. of Annales de Chimie et de Ph^stMe. 

Soap is readily soluble in water. The soltition is decomposed by 
acids, and by neuti*al salts with earthy bases. Ilence hard waters, whicn 
contain earthy salts, curdle soap; Uieir acid uniting with the alkali 
of the soap, and setting the ml at liberty. When a strong solution 
of soap is mixed with one of a metallic salt, a substance is formed, 
termed a metallic soap. The alkali unites with the acid of the salt, 
and the oil with the metallic oxide. 

9. Fjlxed oils dissolve sulphur, and form a kind of balsam. They 
act also on pliosphprus. 

10. Their properties are changed by boiling with metallic oxides, 
those of lead for example. The mucilage unites with this oxide, 
which probably gives up a portion of its oxygen to the oil, and the 
oil is rendered drying, and fit fm* t)ie use of tlie painter* If the pxide 
be added in larger proportion, tiie mass, when cold, composes a 
plaater. 

11. Fixed oils, when distilled with a gentle heat, yield olefiant and 
carbu retted hydrogen gases. A portion of the oil passes over, also, 
without decomposition. Hence they cannot be considered as abso- 
lutely fixed* but have received this name chiefly from a comparison 
with the essential or volatile oils. By repeated distillations the 
whole of any fixed oil may finally be chan^d into gaseous matter. 

IS. Fixed oils are extremely combustible; and when bt^rned in an 
apparatus, adapted for collecting tlie products of their combustion, 
ihey afford carbonic acid and water. It may be inferred, therefore, 
that they are composed of carbon and hydrogen, tlie proportions of 
which, according to the experiments of Lavoisier, are 79 of the former 
and SI of the latter*. From this s^tement, however, oxygen is ex- 
cluded, which it is probable all fixed oils contain. Its presence in- 
deed is almost demonstrated by Sir H. Davy's experiments. When 
a dobttle ot potassium, he observes, is introduced into any of the filled 
oils made hot, tlie fii*st product is pure hydrogen, which arises from 
the decomposition of the water absorbed by the crust of potash during 
exposure to the atmosphere. If the globule be previously freed from 
this crust, carburetted hydrogen is disengaged, coaly matter deposited, 
and a soap is formed. To generate tlie alkali, however, which this 
soap contains, oxygen must necessarily have been supplied by the 
decomposition of the oil. Sir H. Davy has also found, in the products , 
<^f their destructive distillation by heat, a proportion of water, to the 
> production of which oxygen is essential.* But decisive proof of the 

* * Philosophical Transactions, 1808. 
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presence of oxygen in oil had lately Jieen supplied by Gay Lnssac 
and Thenard's analysts of olive oil, which they find to i)e cooFposed of 

Carbon 77:213 

Oxygen 9.427 

Hydrogen 13.360 

100. 
The analysb may also be stated as follows: 

Carbon 77.213 

Oxygen and hydrogen in the propor-? in 712 

tions to form water .... 3 ' 
Excess of hydrogen ...... 1^.075 

100. 

13. Nitric acid acts with great energy on the fixed oils. In a small 
proportion, its chief effect is to render tnem thicker. When distilled 
together with a larger proportion of acid, the oil is decomposed, and 
nitrous gas disengaged; oxalic acid remaining in the retort. Red 
and smofcing nitric acid, when suddenly mixed with a fixed oil, espe- 
cially with uie addition of a little sulphuric acid, occasions a violent 
combustion. ^ Oxymuriatic acid gas, passed through them, thickeus 
them, and renders them tenacious like wax. 

14. The fixed oils have a sinpilar property, which has led some- 
times to serious accidents. When mixed with lamp black, or with 
any light kind of charcoal, and even with several vegetable sub- 
stances, as cotton, wool, or flax, the mixture, after some time, heats 
spontaneously, and at length bursts into flame. This combustion has 
sometimes been observed to take place in the waste cotton, employed 
to wipe the oil from machinery; and has probably occasioned maoj 
of the dreadful fires, which have happened in cotton -niilis, and for 
which no adequate cause could be assigned.^ 



SECTION VII. 

Volatile or Essential Oils, 

With the exception of the oil from the rinds of the lemon and the 
orange, which are obtained by expression, the essential oils are pro- 
cured, by distilling the vegetables that afford them, with a proper pro- 
portion of water. The oil eitlier sinks to the bottom, or swims oa 
the surface of the water, according to its specific gravity; but if the 
distilled water be long kept, Bucholz finds that the oil is converted 
into mucilage. 

1. These oils have a penetrating smell, and an acrid taste. 

2. They are volatilized by a gentle heat. Hence the spot, which 
they leave on paper, may be removed by holding it at a small dis- 
tance from the fire; but the stains from expressed oils are permanent 

* See Journal of Science, &c. v. 367. 
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3. Thej can, with difficulty, be brought to iinite with alkalies. 

4. They are soluble in alcohol* 

5. They do not unite with water. With the intervention of a 
Uttle sugar, however, they are combinable, in small proportion, with 
water. 

6. When nitric acid is* poured upon these oils, especially if it has 
been previously mixed with one-fifth or one-sixth ot sulphuric acid, 
the mixture bursts into a violent flame. This experiment requires 
caution, as the inflamed oil is apt to be scattered about 

7. Several of them detonate, when rubbed with hyper-oxymuriate 
of potash, and take fire when poui'ed into oxymuriatic acid gas. 

8. Essential oils are thickened by long exposure to air. This is 
owing, as Dr. Priestley first proved, to their absorbing oxygen, a fact 
which -accounts, in some degree, for the . injurious effects of fresh 
painted rooms. 

9. Potassium decomposes the volatile oils when heated. Alkali is 
formed; a small quantity of gas is evolved; and charcoal is deposited. 

Camphor resembles the essential oils in many properties; but is 
not inflamed by nitric acid, which converts it into an acid, distinguished 
' byjpeculiar properties,* and termed the camphoric acid, • 

For this pur|[)ose, camphor is repeatedly distilled with four times 
its weight of nitric acid, till about 20 pai*ts of acid have been employ- 
ed. At each operation, the portion of camphor, whkh sublimes and 
escapes decomposition, is to be returned into the retort The acid is 
susceptible of crystallization; the crystals effloresce in the air, and 
iare soluble m 100 times their weignt of cold, or in 11 times their 
weight of boiling water; they are combustible; and burn with a dense, 
aromatic smoke; they melt and sublime with a gentle heat, and dis- 
solve in the mineral acids. They dissolve also in about six times 
their weight of cold alcohol, or' to any amount in boiling alcohol ; and 
are not precipitated by water; With alkalies and earths they com- 
pose a class of salts called camphorates. Fifty grains of the acid are 
saturated by 28 of carbonate orlime =^ 15 J pure lime^ ■ 

A singular substance, very much resembling camphor in its sen- 
sible and chemical properties, may be obtained by passing mariatic 
acid gas through essential oil of turpentine, which absorbs about a 
^ird of its weight. The oil of turpentine becomes thick» from an 
abundance of a white crystalline substance which forms in it Tlus 
may be separated by draining off the liquid; and is foqnd rather xo 
exceed the weight of the essential oil submitted to experimentt It 
is white^ crystalline, ^nular, volatile in a moderate heat, and has 
very much the smell of camphor. By exposure to the air, it soon 
loses its property of reddening vegetable blue colours. As to the 
theory of its proauction, Theiiard is of opinion that no decomposition 
of tiie oil df turpentine takes place; but that the muriatic acid unites 
to it entire« Ordinary camphor of commerce, he supposes, from ana- 
^^* to be a compound df an essential oil and a vegetable acid. 

• Bucholz, 94 Anh. de Chim. 301. 
f Thenard, M^moires d'Arcueil, ii. 
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SECTION VIIL 
Resins, 

Resins are the inspissated juices of certain plants, and are gene- 
rally obtained by wounding; their bark. Copal, or lac, maj be taken 
as an example. Dragon's blood, suaiacum, sandarach, labdanum, coai'- 
mon resin» and turpentine, are also varieties of this substance. 

1. The V have ^eneralljr a yellow colour,, and are imperfectly trans- 
parent in specific gravity they exceed water. . 

2. They are dry, brittle, and extremely inflammable. 

5. They dissolve in alcohol^ ether, andf essential oils; but not at all 
in water, which even pre4?ipitates them from the foregoing solvents. 

4. Both acids and alkalies act on them; the pure alkalies most re- 
markably. The alkaline solution is clear, ana may be diluted with 
water without decomposition; but acids immediately precipitate the 
resin. By mixing it with a solution of a metallic salt, the oxide is 
precipitated in combination with resin. 

^By long continued and repeated digestion with nitric acid, the 
resins afford a deep yellow solution, which has the property of pre- 
cipitating animal gelatine, and agrees, therefore, with tannin. No 
oxalic acid is obtained by this process, a circumstance which distin- 
guishes the resins from all other vegetable substances. 

6. Concentrated sulphuric acid dissolves the powdered resins. If 
tiie solution be digested in a lUoderate heat, sulphurous acid is first 
evolved; in a few days this ceases; and a black porous coal remains, 
equal to between a fiith and a third the weight oi the resin which has 
been employed; whereas, by incineration m close vessels, scarcely 
1-lOOth part their weight of coal is obtained. 

Acetic acid dissolves resins, which are precipitated from it by the 
addition of water. 

7. Resins are the basis of varnishes, and are much used in inedicine. 
Balsams are liquid resins, holding in combination a proportion of 

Benzoic acid.* 

Gum RRsinSs alone with resin, have an admixture of extractive 
matter. They dissolve fmrtly in wat^, and partly in alcohol. They 
are almost solely used in medicine. Asafcetida, gum-ammoniac, aloes, 
^Lmbo^e, myrrh, opium, &c. are varieties of gnm-resin.t 
. Guaiacum was observed by Mr.Hatchett to ditterfroni other resins 
in giving oxalic acid by the action of nitric acid, and very little tannin. 
In other respects, also, it has be^n since shown, by Mr. Brande, to 
possess properties that do not agree with those of resins in general.^ 

Amber is a resin possessed of peculiar properties. By distillatioii 
it yields a distinct acid, called the sitccinic. — ^^Fo prepare this acid, 
let a glass retort be^half filled nirith powdered amber, and tbe^remain- 

• See 69 Ann. de Chim. 293. 

^ The reader, who may wish f6r further information respecting^ the gum* 
resms, may consult Braconnot's HemoiT in the 28th vol. of Nicholson's Jour- 
nal; and PeHetier's in the 80th vol. of Annales de Chimie. 

t i^hiloflophical Transactions, 1806. 
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iler with fine dry sanfl.* Lute a receiver, and apply a eentie heat. 
A portion of water first conies over, which is succeeded bj a weak 
acetic acid. The succinic acid then sublimes; but is contaminated 
hj a mixture of oil. It may be purified by solution and crystalliza- 
tion; and it then forms transparent white shining crystals, having 
the form of triangular prisms. They are soluble in 24 timers their 
weight of water, and in boiling alconoK The solutimi reddens the 
blue colour of turnsole, but not that of violets, and has an acid taste. 
It combines with alkalies, &c. and forms succinates, the most import- 
ant of which is the succinate of ammonia. This salt decomposes all 
the solutions erf iron; and affords an insoluble precipitate, composed 
of succinate of iron Hence it is highly useful in the analysis of mi- 
neral waters. 
Berzelius states tiie composition of the succinic acid as follows: 

Hydr(^n . . . • . . 4.512 

Carbon 47.600 

Oxygen . 47.888 

10p.t 



SECTION IX. 

Farina^ Starch, or Fecula* 

Starch may be obtained from the flour of most varieties of grain, * 
from the roots of the potato, and from almost every part of vegeta^ 
bles, by a very simple process. The grain in the state of finepowd^ 
or the root well rasped, is to be washed with a quantity of cottf water 
which becomes turbid, and, if the fecula is white, milkr. The fecub, 
however, is not dissolved, but merely suspended mechanically; and^ 
after separating the fibrous and grosser parts by a sieve, it subskies 
to the bottom of the vessel. The liquid, which contains the soluble 
parts of the vegetable, is to be decanted, and the farina to be washed 
by repeated affusions of cold water. It may, afterwards, be dried m 
a gentle heat. 

From the analysis Of Dr. Pearson;]- we learn that 100 parts of 41i6 
fresh potato root, deprived of skin, afford 

Water . ... . . 68 to 7^ 

Meal .... ^ .. 32 to £8 

100 100 

* Uaefiil directions for this process, are given by Robiquet and Colin, Ann. 
de Clum. et Phys. iv. 326. 

t 94 Ann. d« Chimie, 189. 

i Bepertovy of Arts, iii, 383. The analysis of sevend varieties of the potato 
by LampadiUB may be seen in Thomson's Annals, v- 39. 
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The meal is composed of three distinct eubstances, nix* 

Fecula . . . . . • 15 to IT 

Fibrous matter . . . . 8. to 9 . 

Extract or mucilage ,. . 5 to 6 . 

. 28 S2 • .! 

Some useful information respecting the quantity of fecula in differ- 
ent varieties of the potato, and th6 methods of separating it, has been 
given by Mr. Skrtmshire in the 21st volume of Nicho\son*s Journal. 
Its proportion in sound and unsound grain, and the causes of un- 
soundness in corn and flour, have been ably investigated by Mr. E. 
Davy, in a memoir published in the 49th volume of the Philosophical 
Magazine. Of rice, it cons titiites, according to Braconnot, from 83 
to 85 per cent* 

Common starch* though not absolutely free from gluten, may be 
taken as an example of recula. It will be found to have the following 
^qualities: 

1. It is not soluble in water, unless when heated to 160^; and if 
the temperature be raised to 180°, the solution coagulates into a thick 
tenacious transparent jelly. By evaporation at alow heat, this jelly 
shrinks, and at len«^th forms a transparent brittle substance closely ' 
resembling gum. The solution of starch in a large quantity of water 
is precipitated by Goulard's extract of lead ; but not by any other 
metallic salt. 

2. Farina is insoluble in alcohol, and in ether. 

$^ Pure liquid alkalies act on starch, and convert it into a trans- 
parent jeUyi, The compound is soluble in alcohol. 

4. Sulphuric acid dissolves it slowly; sulphurous acid is evolved; 
and so much charcoal is disengaged, that the vessel may be inverted, 
without spilling its contents. 

6» Nitric acid, at the temperature of the atmosphere, acts on starch, 
and dissolves it; but n<i oxalic acid appears subsequently, unless heat 
be applied* Hot nitric acid is decomposed by starch, and oxalic acid 
ts^nerated. 

. 6. Starch, as it exists in grain, is spontaneously convertible into 
sugar. On this property is founded the process of malting. ' 

The grain, from which malt is most commonly prepared, is barley. 
In this grain, Proust has discovered, beside the ingredients of wheat 
a peculiar substance, nearly resembling saw-dust, m its external cha- 
racters, to which he has given the name of hordeiiuf This substance 
may be separated from starch by tlie action of hot water, in which it 
is quite insoluble. During the process of malting, its proportion is 
considerably diminished, and it appears to be partly converted into 
sugar, or into starch, as will appear from the followmg comparative 
analysis of malted and unmajted barley. 



• Ann. de Ghim, et Phys. iv. 383. 
t Ann. de Chim. et Phys. v. 337. 
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In 100 parts In 100 puts 

6f barley. of malt. 

Resiii 1 1 

' Gum • .... 4 .15 

Sagar ..... 5 15 

Gluten . . . • • 3 . . . . , 1 

Starch . , . . . 32 56 

Hordein .... 55 .. ... 12 

It appears, then»that the formation of malt consists in the increase 
of gum, sugar, and starch, and the diminution of gluten and hordein. 
The starch, that remiuns after malting, is found changed in its proper* 
ties; for it does not as before yield a viscid paste, icapable ofgekti** 
nizing on cooling. The process of malting is not, however, essential 
to the production of alcohol from grain; for in the Scotch distiileries 
it has lon^ been common to use a lai^ge proportion of unmalted barley ; 
and M. Clement, by direct comparative experiments, obtained equal 
quantities of alcohol by fermenting the infusions of eoual weights of 
malted and of unmalted grain.* The spirit obtained from unmalted 
barley has a peculkr odour, which is owing to its holding in sohitioa a 
3rellow solid oil, separate by careful distilUitiont of the alcohol* 

The loss of weight sustainecf by grain in malting, which Proust 
states at one-third. Dr. Thomson asserts is greatly orer-rated, and 
that it did not, on an average of 50 processes, carried on under his 
Jnsj^ection, exceed one-fifth. The hordein of Proust, he considers as 
starch under some modification, which is changed, by malting, partly 
into true starch, and partly into sugar.j: 

Another method of converting starch into sugar was discovered by 
M. Kirchofif of St Petersburg. The change is effected by the action 
of sulphuric acid, which is boiled, for many hours, with starch and 
water. The process has been successfully repeated by several per- 
sons, and ^mong the rest by M* Vos;el§ and by Dr. Tuthill of Lon- 
don.ll The latter digested a pouncT and half of potato starch (ob- 
tained from 8| pounds of potatoes) six pints of distilled w^ater« and a 
quarter of an ounce by weight of sulphuric acid, in an earthen vessel, 
at a boiling heat; the mixture being frequently stirred and kept at 
au uniform degree of fluidity by the supply of fresh water. In 24 
hours there was an evident sweetness, which increased till the close 
of the process; at the end of 34 hours, an ounce of finely powdered 
charcoal was added, and tiie boiling kept op two hours longer. The 
acid was then carefully saturated by recently burned lime; and the 
boilins continued for half an hour, after which the liduor was passed 
throu^ calico, and the substance, remaining on the drainer, washed 
repeatedly with warm water. This, when dry, weighed seven-eighths 
of an ounce, and consisted of charcoal and sulphate of lime. The ' 
clear liquor, being evaporated to the consistence of syrup, and set 
ftside, was in eight days converted into a crystalline mass, resembling 
common brown sugar with a mixture of treacle. The saccharine 

* Ann. de Chim. et Phys. v. 422. f Thomson's Annals, xii. 35. 

t Annals of Philosonhy, x. 3S9. / § Ann. de Chiro. I 82. 

I Nich. Jour. vol. S3, 

' Vol. II.--Z 
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nifttter, wlitch Dr. Tuthill judged to be interfnediate betweea cane 
sugar and grape sugar, -weighea one pound and a quarter. By fer- 
menting one pound of this substance in the usual manner, and distil- 
ling aM rectifying the product, fourteen drachms by measure of proof 
spirit were obtained. 

The differences between starch sugar, and common sugar from the 
sugar cane, have been pointed out by Nasse. Starch sugar assumes 
the form of spherical crystals like honey. It is not so hard, nor so 
sweet, nor so soluble in water» as common sugar. When it is digest- 
ed with an alkaline cabonate, a precipitation of mucilage takes place : 
and . the same precipitation is occasioned from a solution of starch 
sugar by muriate of tin. The solution of starch su'ger ferments with* 
out the addition of yeast, which is not the case wim common sugar.^ 

It had been shown, by Professor de la Rive of Geneva, that in the 
formation of sugar from starch, no gas is evolved; that the alteratioD 
of the starch goes on in close vessels without the contact of air; and 
that no part of the sulphuric acid is either decomposed, or united to 
the starch as a constituent. These results have been confiniaedbj 
the experiments of Saussure,t who has shown, also, that the sugar 
which IS obtained, etceeds, by about one-tenth, the original weight of 
the starch. He concludes, therefore, that the conversion of starch 
into su^ is nothing else than the combination of «tarch with water 
in a solid state, a conclusion which is strengthened by the results of 
analyzing those two substances, viz. 

Carbon. Oxygen. Hydr. Azote. 



In starch wei'e found . . . • . 45.39 
In starch sugar . . . . . . . 37.29 



48.31 
55.87 



5.90 
6.84 



0.40 
0. 



In 100 parts of starch, the oxygen and hydrogen are sufficient to 
form 50.48 parts of water, with an excess of 3.76 oxygen. In starch 
sugar, the same principles exist in quantities sufficient to compose 
58.44 parts, of water, being an increase of nearly 8, and there is still an 
excess of 4.26 parts of oxygen. 

7. Starch is said by Dr. Thomson to be capable of entering into 
chemical union with tan.it^ Of the existence of stich a combination, 
however. Dr. Bostock has found reason to dottbt.§ 

8. Starch has been analyzed by Gay Lussac and Thenard, and by 
Berzelius, and the near coincidence of their results, obtained by dif- 
ferent methods, is a strong presumption in favour of their accuracy. 
It consists. 



According to Gay Lussac, of 
Berzelius, of 



Cai'bon. Oxygen. Hydrogen. 

43.55 . . 49.68 . . 6.77 
43.481 . . 48.455 . . 7.064 



9* When strongly heated, starch becomes firet yellow, and afters- 
wards a reddish brown; it softens, swells, and exhales a penetrating 
sm^ll. If the process be stopped, a substance is the result, which is 
employed by calico-printers under the name of British gum. This 



* Thomson's Annals, vii, 47. 

% Nicholson's Jounud^ 8v^. ix 74. 



t Thomson's Ann. vi. 424. 
§ Nich. Journ. zvm. 33. 
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rabstance^ however, Vsloqiieiiii finds, is not a true mncilage; for with 
nitric acid it ^ves only oxalic acid, and no mucous acid.* 

10. When starch is distilled in close vessels, it yields an acid, which 
has been called the pyromacdus, but which, in fact, is nothing more 
than vinepr, with an admixture of empyreumatic oil. 

11. When starch and iodine are triturated together, both in a dry^ 
state, the starch assumes a violet tint, wBich passes to blue ot to black, 
according to the proportions that are employed. The colour- of this 
ioduret or iodide of starch is reddish, if the starch be in excess; a 
beauiifHl blue, when the two bodies are indue proportion; and black, 
when the iodine prevails. This compound is soluble in diluted sul* 
phuric acid, and the liquor is of a fine blue colour. Concentrated 
sulphuric acid, also, dissolves it, and the solution is brown, but passes 
to a beautiful blue on the addition of water. There is also a stdh 
ioduret of starch, which is white, but becomes blue by the action of 
almost any acid.t 



SECTION X. 

Gluten, 

Gluten may be obtained from wheat-flour, by a very simple pro- 
cess. The flour is first to be formed, by the gradual addition of a 
small quantity of water, into a soft and ductile paste. This is to be 
washed by a very slender stream of water, and, at the same time, to 
be constantly worked between the fingers. The water carries off the 
starch, and for some time is rendered milky; When it passes off 
transparent, the washing may be discontinued; and the pure gluten 
remains in the hands. - 

The^ following are the properties of gluten: 

1. It is of a grey colour, and has so much elasticity, that, when 
drawn out, it recovera itself like elastic gum. It has scarcely any 
taste, and does not melt or lose its tenacity in the mouth. 

^ When exposed to a gentle heat» it dries very slowly, and be- 
comes hard, bnttle^ semi-transparent of a dark brown colour, and 
somewhat like glue. When broken it has the fracture of glass. In 
this state it is insoluble in water. 

3. When kept moist, it ferments and undergoes a' sort of putrefac- 
tion, emitting a very offensive odour. . At the same time a portion of 
acid is developed, which is perceivable by its smell, and which con- 
siderably retards the putrefaction of the gluten. In this circumstance, 
chiefly, it differs from animal ^uten. « 

4. When sudd^lv heated, it firdt shrinks; then mdts, blackens, 
. and emits' a smeU like that of burning horn. By distillation in close 

vessels, it yields a portion of water impregnated with carbonate of 

* 80 Ann. de Chim. 317. See also Thomson's Aiinals, v. 38, and Ann. de 
Chim. xc. 29. 
t CfjXok imd Gaultier de Claubiy. 90 A&n. de Clum. 100* 
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ammonia; a condideraUe quantity 6f brown fetid thick- oil ; solid si^ 
carbonate of ammonia; and Qarbiiretted hydrogen gas. Thes^ pro- 
ducts resemble, very closely, those of animal substances. 

5. It is generally described to be insoluble in water». in alcohol and 
in ether, ^ter fermentation, it is partially soluble in alcohol, andtbe 
solution may be applied to the purposes ot varnish^ From the recent 
expefimeftts of Dr. Bostock, a gluten appears, however, by liMigdiges* 
tiion, to be partly soluble in water. The solution is precipitated hj 
ace^te and super-acetate of lead, by muriate of tin, and by other re- 
agents** , ' 

6. All acids dissolve it, and alkalies precipitate it,bat considerablj 
jehUn^, and deprived of its elasticity. It undergoes a similar cbaage 
wheirdis8<^ved in pure alkalies, and precipitated by acids. 

r. It exists most abundantly in wheat^lour, of which it constitutes 
aboot one-foartb, and is essential to its soundness; but it is foood^ 
also, in various vegetable juices.t 

Another ingredient, which was long supposed to be peculiar to- 
animal products, viz. albumen, has been discovered in the emolsiTe 
seeds. In the almond, for instance, 30 per cent have been found, of a 
substance precisely resembling animal curd.} 



SECTION XI. 

Caoutchouc, or Elastie Gutn, 

Caoutchouc is chiefly the product of two trees, which are the 
growth of Brazil ; the Hoevea Ckioutchouc and Jatronka Elasika, 
When the bark of these trees ^s wounded, a white milky juice flows 
out, which speedily concretes in the air into an elastic substance; 
and, when the juice is applied in successive coats, apon clay moaids, 
it forms the globular bottles, which arc broodit to this country. By 
ui immediate and careful seclusion from air, the juice may be pre- 
served some time from concreting, and has occasionally been brought 
to Europe in a liquid state. But even, when tfius preserved, a part of 
it; in the coarse of time, passes to a solid form. If it could eamj^ 
imported in a fluid stat^, it would be invaluable, from its applicatioa 
to the rendering cloth, leather, and otiier substances impervious to 
water. 

1. Caoutchouc is inflammable, burning with a, bright flame in at- 
mospherical air, and with still greater tH-iIliancy in oxygen gas, or in 
oxy-muriatic gas. 

2. It is insoluble in water and in alcohol. If long slips of caoot- 
chouc, however, are tied spirally round a glass or metu rod, and boiled 
for an hour or two, the edges cohere, and a hollow tube is formed. 

* Nicholson's Journal, xviii. 34. _^ 

t See Proudt on Oie Green P^eeuk of Vegetables, Kicliolson'^ Jounwl, iW)« 
iv. 273. 
t Thomson's AtHMds, Xfl. 39. 
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3. CaoutcliottC is salttMe io ether; not, however, in the ordiiti^nr 
state of this fl&id its it is foaad in the sliops* To render ether a fit 
sol^eot of this eubstaiiee, it shoold be piirified ^ washing it witk 
wsftter, i& the manner to be hereafter desorifoed. The soluuon may 
be api^lied to the parpose of forming tabes or vessels of an j shape. 
The priocipd difficulty in usin^ it arises from the grea$ volatility of 
the ether, in consequence of which the brushes, or other instrufliente^ 
by which it is applied, are soon digged op, and reiidered aseless. . 

4. Caoutchouc is soinble in vouttile oils; but when they have 
evaporated, they leave it in a glutinous state, and deprived of much 
of its elasticity. Fei^^utn dissolves it, and, wlien evaporated, leaves 
it unchanged. One of the most useful 9olveiits> however, of caoatcho«e» 
appe&i:8.to bet^e ccQ^nA oU, a substance lately admitted into the 
rnairmacopoBia of the i«ondoB College of FhysiciaBS^ A thick a^d 
l^utiiioiis. solution is obtained, from wSidi akonol detaches the essen* 
lial oiL The caoutdiouc floats on the surface in a semi*fluid staic> 
but soon hard^s, and pegains its elastic powers on exposure to the 
atmoBphere* To th» process^ the diief ob^ction is the expensiveneas 
of the soIveat» 

5« Caoutchouc is acted oa by alkalies; and, when steeped in them 
for some time, loses its elasticitT. 

6. The sulphuric acid is decomposed by it; sulphurous %cid is dis- 
enga^d; and charcoal remains. Nitric acid acte on H with the as^ 
sistance of heat, nitrous gas is formed; and oxalic acid crystallizes 
from the residuum. 

7. When distilled it gives ammonia^ and hence may be inferred to 
contain azote. A large quantity of olefiant gas and of very dense car- 
bureted hydrogen, which bums with a remarkably bright flame, are 
at the sam^ time evolved. 



SECTION XII. 

The Woody Fihre. 

I 

After removing all tiie solul^e parts of wood, first by long boiliag 
in water, and then by digestion in idcohol, a fibrous substance is ob- 
taioedj to which, by some chemists, the name of Lienin has beea 
f|iven. From whatever variety of wood it may have been procured, 
its properties appear to be onitormly the same. 

1. It is perfectly destitute of taste, smell, and colour.' la specific 
gravity, it is generally inferior to water* 

2. It is insoluble in water, at all temperatures. 

3. The pure fixed alkalies act on the woody fibre, and tender it 
soft, and of a brown colour. 

4. CoQcentrated sulphuric acid immediately Uackeps it, and, aftnr 
tafficieat digestioB, converts it into charcoal. 

5. Nitric acid decomposes it irith the assistance of heat; and oxaUc, 
anlicw •nd ao^tc acidsi ait| fiicnied. 
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6. When exposed to heat, it affords an acid called the pyrol^Heaus^ 
which has been lately proved to be identical with the acetous. This 
acid holds in combination a qnantity of essential oil/ from which it 
can with^reat dif&caltj be freed, and, also, a small proportion of am- 
monia. From the last mentioned product, it follows that the woodj 
fibre most contain nitrogen. The charcoal, vrhich remains in the re- 
tort, is greatly sttperiur to that procured by the ordinary process; 

* and hence distilla^on in iron cylinders has l>een, for some time past, 
practised as the best method of obtaining charcoal for the maaufac- 
tare of gunpowder. 

7. The woody fibre, by exposure to the atmosphere in a perfectly 
dry state, does not undergo any change. The action of tiie air upon 
it, however, wlven moistenied, converts it, through various shades of 
tolour, to a black mould. If the process be carried on in a confined 
portion of oxygen gas, carboniic acid is formed. When excluded from 
the air, even moist wood shows very little tendency to decompositioB. 

Gay Lussac and Thenard have analysed,, by th^ir new process; the 
wood of oak and beech. The wood was taA^en from the most compact 
part of a log, reduced to a fine powder by a file» then sifted and wa^ 
ed in succession, with water and alcohol; and finely dried, before its 
admixture with oxymuriate jof potash. 



I . Carbon. 
100 parts of Oak contain 5^S3 
Beech 51.45 



Oxygen. Hydrogea. 
41.7'8 . . 5.69 
42.73 . . 5.82 



In both, the oxygen and hydrogen are in the proportions required 
to form wateir, and there is no excess of oxygen to acidify any part of 
the carbon. 



SECTION xiir. 

Colouring Matter, 

I. The colouring matter of vegetables presents a considerable va- 
riety in its relation to chemical agents, depending on the diversity of 
the basis, or sub'-stratum, in which it resides, dhaptal has arranged 
^e varieties of the colouring principle under four heads. 1st, As it 
is attached to extractiire matter: 2d, As it resides in eum; in both 
which cases it is soluble in water: 3d, As it exists in fanna, or fecula ; 
and in this instance it dissolves most readily in sulphuric acid: 4thi 
The colouring principle is occasionally inherent in resin, and then it 
requires alcohol, an oil, or an alkali, for solution. 

II. The extraction of colouring matter from the various substances 
that afford it, and its fixation on wool, silk, or cotton, constitute the 
art of DTEiNi^} the details of which would be foreign to the purpose 
of this work. In this place I shall state only a few general principles; 
and refer for moi*^ mmute information to a paper by Mr. Henry in die 
third volume ot the ManchesUr Memam^ to the works of BerthoUet 



l|ul Baneroft; and to a jneinoir of Thenard and Bwpd, iQibe74tk 
?oIume of Anoalefl de Chimie* , 

III. Of tbe vartou^ colouring substances, used in tbeartof dye- 
ing, some may be permanently attached to the dyed fabric, and fully 
communicate their colour to it, without the interrention of any other 
substance;, while others leave a mere stain, removeable by wnsbing 
with water. The latter class, however, may be durably attached by 
the mediation of what was formerly called a mordaum^t but has since 
been more properly termed, by the late Mr. Henry, a basis* The 
colours whieh. are of themselves permanent, have been termed, by 
Ik. Bancroft, substantive colours i while those that require a basis* 
have been denominated adjective colours. 

IV. The most important bases, by the mediation of which ci^our- 
kig matter is united with wool or cotton, are alumine, the oxide of 
ircm, and. the pxide of tin. Alumine and oxide of iron are i^pplied in 
combination with sulphuric, or acetic acids; and the oxide of tin, 
united with nitn>>|nttriatic, niuriattc, acetic, or : tartaric acids. In 
dyeing, ih» most common method is to pass the substance to be dyed 
through a decoction of the colouring matter, and afterwards through 
a solution of the basis* The colouring principle thus becomes perma« 
nentlj fixed on- the cloth, sometimes .considerably changed bv its 
union with the basis. In calico-printing, the basis, thickened with 
gum or flour paste> is applied to the clom by wooden blocks, or cop- 
per cylinders. The cloth is then dried, and passed through a decoc* 
tion of the colouring ingredient, which adheres only to that part of 
the cloth where the basis has been applied. From the rest of ^e 
cloth it may be removed by simple wasning with water. 

V. The. variety of colours, observed in dyed substances, are redu- 
cible to four simple ones, vix. blue, red, yellow, and black. 

1. Indigo is the only substance used in dVeing blue, which it does 
without the intervention of a basis. It is tiie production, chiefly, of 
several rarieties olT the plant cAiltd Indigof era, a native of America 
and of the East and West Indies. ^The plant, after bein^ cut a little 
while before the time of flowering, is steeped with water m large vatsi, 
where it undergoes fermentation. During, this process, a fine pulve- 
rulent pulp separates, which is at first, green, but becomes blue by 
exposure to the atmosphere. The operations, by which indigo is se- 
parated and collected, are rather complicated, and cannot be de* 
scribed without considerable minuteness. A good account of them 
may be seen in Messrs* Aikins' Chemical Dictionary. 

Indigo has been supposed to be a variety of fecula, but it differs 
from that principle in several important particulars^ It is volatile, 
and may be sublimed at a temperature a little below that which is re- 
quired for its decomposition.* Water, by being boiled on it, dis- 
solves only about a ninth or a twelfth the weight of the indigo. The 
colou^ring matter, however, remains untouched; and the solution* 
which appears to consist chiefly of extract, has a reddish brown h»e* 
It is bsoluble in alcohol, ether, and in fixed and volatile oils. Its 

* Gxy Lotsac, 74 Ann< de Gfaim. 19%, 
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appropriate, and indeed oui j, aoivent appears to be salphuric add. 
Wben thus dissolved, it is sometimes applied directlj, in a dBate^ 
slate, to the fabric, and dyes what is termed a Saxon Mae. Bat, hj 
tiie abstracten of fmrt of its ok jgen, indigo becomes soluble in water; 
and its colour changes from blue to ^green. It recovers the icNinef 
colour, however, on exposure to the zk, bj again, absorbiog oxygen. 
' Its de-oxydixement is effected by allowing it to ferment, along wiA 
bran or other vegetaMe matter ; or by decomposing, in contact wMi 
it, the green sulphate of iron. Substances dyed by indigo, thas d^ 
pri^d of oxygen, are green when taken out of the vat, and acqitkea 
blue colour by exposure to the atmosphere. By this revival, the in- 
digo again becomes insoluble, and iitod, therefore, for aibrdioga 
permanent dye« 

There appears, however, to be a certain stage of ox jgemzetaeBt 
in indigo, which is essential to the existence of its blue colour, aiid 
that any proportion, either exceeding or failing short of this, is equally 
destructive of its colour. > Thus diluted nitric acid dissolves indigo, 
but the solution is yellow, and the indigo is decomposed. A tbio 
layer of resinous matter appears, floating tn the solution. If tbi» be 
removed, and the solution, after evaporation to the consistence of 
honey, be re-dissolved, in hot water, filtered, iuid mixed with a «► 
lution of potash, yellow crystals appear, which consist of the iNtter 
principle united with pota^^ These crystals^ being wrapped in ^ 
per and struck with a nammer, detonate and emit a purple light If 
to a drachm or two of finely powdered indigo, we ado an ounce mea- 
sure of fuming nitrous acad, the mixture presently becomes hot, ni- 
trous gas is evolved, a stream of sparks arises from it, a!id finally tbe 
whole bursts into flame. 

Muriatic actd has no action on indigo, but oxymuriatic acid d^ 
stroys its colour. .Hence a solution of tndigo in sulphuric acid has 
been recommended for measuring the strength of WHtery solutions <tf 
oxymuriatic acfd gas; in order to r^ulate tiieir application to the' 
process of bleaching. « 

Alkalies do not act on indigo, unless it be previously reduced to 
that state of partial di&oxygenation at which its gtieen colour re- 
appears. And the sokition exists no longer, if oxygen be absorbed, 
and the blue colour restored. 

' The analysis of indigo by destructive distiltatton^aflbnls but lit^ 
information reopecting its nature^ The products, usuall;^ obtained 
from vegetable subotn^ces, are evolved, along with a portion of an^ 
monia. A copper^:<^oured sublimate, al^lo, arises in fine needle- 
shaped crystals^ possessed of peculiar properties. It has been called 

% The substances, chiefly employed for aQbrding red colours, are 
cochineal (an insect which has been sapposed to derive colour from 
its fi)od, the leaves of the cncUis wauviiih L.») archil, madder, bra»^ 
wood, and 8id*-flower. The first tour are soluble in water; the Mst 
not wititout the intervention of an alkali. They are ^all adjective co- 

• PhU. Mag. xlvil. 415. 
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ioars. Cochineal, thou^ its colour is natural] jr crimson, is used for 
dyeing scarlet; and to evolve the scariet hue, it is necessary to em- 
ploy me super-tartrate of potash. The basis, bj which it is attached 
to cloth, is the oxide of tin. This maj be exhibited experimentallj. 
A decoction of dochin^l will leave only a fugi^ve stain on a piece of 
cloth; but if, in the decoctidn, some su|)er-tartrate of potash ha^ 
been dissolved, and a porticm of nitro-muriate of tin afterwards been 
added, it will impart a permanent scarlet colour. 

3. The yellow dyes are wild American hiccory, sumach, turmeric, 
fustic, and quercitron back; which afford various csoloitrs, accord- 
ingly as they are combined wi^ the cloth, by the interveution of 
alumine, or of oxide of iron, or tin. Thus, with the aluminous base, 
the quercitron bark yields a bright yellow; with oxide of tin, all the 
trades, from pale lemon colour to a deep oranj^ ; and with oxide cf 
imn, a drab colour. With the addition of indigo, it gives a green* 

4* A combination of red oxide of iron, wilfi the gallic acid and 
tati, i^ the principal black colour, which has theref(>re the same barii 
as common writing-ink. In calico^irinting, white spots, or figures, 
on a black giioand, are produced, b^ previously printing on the cloth 
41 protecting paste of citric acid, thickened wtth gum or ^ur. The 
parts to whicn this |»iste is applied do not receive the black dye, but 
remain perfectly wnite. 

YL The colouring mattei' of Ve^tables, besides being Capable of 
fixation on cloth, ma^ be obtained m a dr;^ form, in combitiation with 
a base only. Thus, if to a decoction or infusion, of madder in wai- 
ter, a solution of sulphate of akmine be added, the colouring matter 
Is precipitated in combination with the alumine, forming what is 
termed a lakt. For obtaining this, the following process is given by 
Sir It. Englefieid. Put two ounces of Dutch cropn-madder into a ca^ 
lico bag, capable of holding three or four times that quantity. Pour 
on it a pint of distilled water, and triturate, in a mortar, as much as 
can be done, without destroying the bog. The water becomes ioadrf 
witii colouring matter, and is opaque and muddy. Pour (^ this poiv 
tion, and repeat the operation till no more colour is obtained, which 
will generaltj happen after the fifth or sixth affusion. Pour these 
several washings into an earthen or well-tinned copper pan; and ap- 
ply heat till the liquor boils. Let it then be poured into a basin; 
and one ounce of alum, dissolved in a pint of water, be added, and 
mixed by stirring. Add an ounce and a half of saturated solution of 
stib<tarbonate of potash; a violent efiervescence will ensue, and the 
cdouring matter will be precipitated. Stir the mixture till cold, and 
wash repeatedly with boiling water. ^ About half an ounce of lake 
will be obtained, containing two^-fifths its weight of alumine* 

Other lakes may be obtained, of different colours, by the substitu- 
tion of diflferent dyeing-Woods ; and from the infusion of oodiineaf, 
the beautiful pigment called Carmine is precipitated by means of 41 
solution of tin. 

Vol. II.— A a 
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SECTION XIV. 

« 

Taw,^ Tannin, or the Tanning Frincipk. 

Tan exists abundantly in the bark of the oak, the willow, &c., and 
in the ^1-nut The interior bark, next to the wood, contains the 
largest proportion; the middle and coloured part, the next; and in 
this it is accompanied with more, extract. The epidermis affords vetj 

litUe. 

I. Tan may be obtained by any of the following processes ; but, 
according to Sir H. Davy, it is difficult to procure it in a state of per- 
fect purity. Indeed, it has been doubted by several chemists, and 
especially by Chevreul and Pelletier,* whether tan has ever been ob- 
tained sufficiently pure, to entitle it to be considered as a distinct 
vegetable principle. 

1. Into a strong infusion of nut-galls, pour the muriate of tin, till 
the yellowish precipitate, which at first falls down abundantly, ceases 
to appear. Wash the precipitate with a small quantity of distilled 
water, and afterwards add a sufficient quantity of warm vmter forits 
solution. From this solution, the oxide of tin is precipitated bj a 
stream of sulphuretted hydrogen gas;' and the tannin, which remains 
dissolved, may be procured by evaporation. There, is reason, how- 
ever. Dr. Bostock informs me, to believe that, by this process, tan is 
so much altered as to be scarcely entitled to retain the appellation; 
and the same remark applies, though perhaps not in an equal degree, 
to the two following operations: 

2. Into a saturated infusion of galls, pour a saturated solution of 
carbonate of potash. The yellowish white preciipttate, after being 
washed with a smali quantity of water, affords tan. When thus pre- 
pared. Sir H. Davy pbserves that tan is not perfectly pure, but con- 
tains a minute proportion of gallic acid, and alkali. 

S. Into a similar infusion, pour sulphuric or muriatic acid. A pre- 
cipitate will form, which must be re-dissolved in watef, and th^ ex- 
cess of sulphuric acid saturated by carbonate of potash. When a 
farther addition is made of the alkali, the tan falls down, and must 
be purified by washing with a small quantity of water. 

It has been discovered by Sir H. Davy, that the terra japonica, or 
catechu (which is to be met with under this name in the druggists' 
shops,) is composed of about one half tan, tlie remainder being a mix- 
ture of extract, mucilage, and earthy impurities. The purest kind of 
:tan, we learn from the same authority, may be procured by the ac- 
tion of a small quantity of cold water on bruised grape seeds. A 
substance, lately introduced into medicine under the name of Extract 
of Rhatania, Dr. Bostock is of opinion, consists of tan in a purer form 
than catechu. 

* See 87 Ann. de Chim. 103; And .47 PhiJ. Mag. 74. 
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Tan procured from galls has been analyzed- by Berzelius, and 
found to consist of 

Carbon 41.186 

Oxygen . . . . . 54.654 
Hydrogen .... 4.186 



1^ 



100.* 



II., Tan has the following properties : 

1. When evaporated to dryness, it forms a brown friable mas9, 
which has much resemblance in iU fracture to aloes, a sharp bitter 
taste, and is solul)l^ in water, but still more readily in alcohol. 
^ 2. From this watery solution all acids precipitate tan. 

3. The alkaline carbonates have a sinlilar eflfect. 

4. The watery solution, poured into one of due. (inspissated ani- 
mal jelly), converts it immediately into a coa^lum, insoluble by boil- 
ing water, which has the elastic properties ofthe gluten of wheat. 

The solution of gelatine, or jelly, may be prepared for the purpose 
of precipitating tan, by dissolving isinglass in water, in the proportion 
of ten grains to two ounces. The precipitate consists of 54 jelly and 
46 tan. ^ An excess of the solution partly re-dissolves it. It is this 
property, of forming with gelatine an insoluble compound, not liable 
to putrefaction, that fits tan for the purpose of converting skins into 
leather. 

Dr. Duncan, jun., who has made numerous experiments on tan, in- 
forms me, that the proportion of ingredients in tliis precipitate varies 
very considerably, according to the mode in which it is effected ; and 
that Insolubility in water is by no means one of its constant charac- 
ters. In ammonia it dissolves readily. Dr. Bostock, also, has found 
that tan and jelly do not unite in any constant proportion, and that 
the compound is not, in all cases, insoluble in water.t 

In this country, a preference is universally given to oak bark for 
the purpose of tanning;, but various other substances afford it, as ap- 
pears from the following Table, drawn up by Sir H. Davy, from his 
own experiments : 

Tabk ofJVumhers, exhibiting the ^uatititu of Tan (forded by 480Z6s. 
of differ etit Barks, which express nearly their rdative Values: 

lb* 
Average of entire bark of middle-sieedOa^, cut in spring . • • 99 

^ of Spanish Chesnut . . . . . . . 21 

— of Leicester Willow, large size . . . 33 

: ~ of Elm 13 

of common Willow, lai^e size . . . . 11 

of Ash . • . 16 

. ; of Beech 10 

. of Horse Chesnut 9 

* 94 Ann. de Chim, 322. 

t See bis paper on the union of Tan and Jelly, Niclioleon's Journal, xxiv. 1. 
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ft. 

Average of entire bark of Sycamore • • . 1) 

■. t - — — of liombardj Poplar 15 

' " ^ — ^ of Birch •••••••«••• 8 

■ pf Hazel .....••*•... 14 

of Black Thorn •••*..... IS 

I '■ — of Coppice Oak . 32 

■ ' ■ ' ^— of Oat cut ia aataron ... • . • • 21 

,; of Larch cut in ditto ... .... 8 

White internal cortical layers of Oak Bark f2 



The inner cortical layers of all barks Sir H* Davy found to contain 
the greatest proportion of tan. The quantity, also, is greatest at the 
time the buos begin to open, and is smalhest in winter, and afters 
cold spring. 

As a general average, four or five pounds of good oak bark are re- 
quired to form a pound of leather* The operation is naost perfect 
when performed slowly; for, if too rapidly enected, the outer surface 
of the skin is covered with a coat of leather, which defends the interior 
from change. In general, skins, by being completely tanned, increase 
in weight about one-third, the skin and the leather t>eing each sup- 
posed dry. 

5. Tan forms, with fecula, or starch, a precipitate which is dpariog- 
ly soluble in cold water, and very copiously in hot water. 

6. With gluten it gives an insoluble precipitate. 

7. It is precipitated by salts with earthy bases, such as the nitntes 
of barytes, lime, &c. 

8. It is separated also by salts with metallic bases, such as acetate 
^ of lead, muriate of tin, muriate of gold, sulphate of iron, tartari^d 

antimony, and muriate of platinum^ 

Oreen sulphate of iron effects no change in the solution of tan, bat 
the red sulphate occasions a dark bluish precipitate. This precipitate 
differs from gal late of iron, in being decomposed by acids, the tan 
bein^ thus separated. An excess of the red sulphate re-dissolves fte 
precipitate, and aSbrds a black or dark blue liquor. By union with 
tan, the red sulphate is de-oxidized, the salt becoming tne green sal- 
phate, and the oxygen passing to tjie tan. Tan may be ox^^genixed* 
by passing streams of oxy muriatic acid through its solution in water. 
Tan is capable, also, of uniting with oxide of lead, in difi^rent pro* 
portions, forming a tannato and sub-tannate of lead.* 

Until within the last ten years, tan had been known only as a pro- 
duction of nature; and the nrocesses of chemistry had effected nothing 
more, than its separation from the various substances, with which it 
occurs combined. An important discovery, however, has been made br 
Mr. Hatehett, of the artificial formation of tan, from substances which 
unquestionabljr do not contain it, but only furnish its elements. The 
processes for its factitious production are very numerous; butthef 
are arranged, by their author, under three heads: Isi The synthesis 

* Berz«liiis, d4 Ann. 4e Chim. 319. 
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ql t^n may be ^fected ^j ^ action of tiitrtc a^id on aaimitl or ve^ 
taMe charcoal; Sdly, By distilling nitric acid fromi coomion resia* 
indigo, dra^D^ blood, and various ^ther resinous aubatancea; 3dly» 
By me aetion of aulphuric add on common resin, elemi» aaafoUda, 
camphor, &c. Of th^se various processes, I shall select the moat sim^ 
pie, refernng to Mr. Hatchett's very interesting paper for a fuUef 
detail of the experiments.* 

To lOQ erains of powdered charcoal, contained in a matrass, add 
an ounce oi nitric acid (specific gr« I A) dilated with two ounces of 
water; place the vessel in a saira^hea^ and continqe the digestion 
till the charcoal appears to be dissolved. A copious discharge of 
nitrons gas will take place. At the end of the second day, it maj^ be 
necessary to add^ another ounce, and sometimes even a third, of nitric 
acid; and to continue the digestion dunn^ five or six days. A red* 
dish brown solution will be obtained, which must be evapomted to 
dryness in a glass vessel; taking care in the latter part of the pro- 
cess, so to regulate the temperature, that the acid may be expelleds 
Without decomposing the residuum. A brown glossy substance viill 
be obtained, having a resinous fracture, and amounting^ in weight, to 
116 or 1^ grains. This substance has the followiae properties: 

1 . It is speedily dissolved by cold water, and bv alcohol. 2. It has 
an astringent flavour. 3 Exposed to heat, it smokes but little, swells 
mucfai and afibrds a bulky co^l. 4. Its solution in water redd^s lit- 
mus paper, 0, The solution copiously precipitate^ metallic salts, 
especially muriate of tin, acetate of lead, and red sulphate of iron. 
Thes^ precipitates, for the most part, are brown,, inclining to choco- 
late, excepting that of tin, which is blackish grey. 6. Gold is preci- 
pitated from its solution in a metallic state« 7. The earthy salts are 
precipitated bv it 8. Gelatine is instantly precipitated frpm water, 
in the state of coaguluih, insoluble both in cold and in boiling water. 

The identity of this substance with fhn can, therefore* be scarcely 
doubted, since the two bodies a^ree in living the same characteristic 
properties. The only essential circumstance of discrimination, is, 
tlrnt the natural tan is destroyed, while the artificial is produced, by 
the agency of nitri(^ acid; and that the artificial substance, even when 
fimn^, powerfully resists the. decomposing action of this acid, which 
re^lUy destroys natural tan. Even, however, arhong the different 
varieties of the natural substance, Mr.rHatchett found essential differ- 
ences in the facility cf destruction by nitric acid. Those of oak bark 
and catechu are less destructible; apd, in general, the varieties of tan 
seem, to be less permanent, in proportion to the quantity of mucilage 
which they contain. Infusions of factitious tar& differ, also, it has 
been said, from those of the natural kind, in.not becoming mouldy by 
keeping. This character, however, is not confirmed by t)r. Bostock, 
who has observed the artificial tan to mould. 

The artificial substance is a purer variety of tan than the natural 
one; inajsmach as it is perfectly free from gallic acid, and from ex- 
tract, both of which are always present in the latter. The properties 



• See Pfailosophicsl Tnmsact^oAft fbr 1805 md 1806. 
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of the.fftctitious compound vary a little, according to the mode of its 
preparation, principally in the colour of the precipitates^ which it sepa- 
rates from metallic solutions. Those effected bj tan^ formed by pro- 
cesses of the first class, are always brown, and by the second, pale or 
deep yellp^. 



SECTION XV. 
Wax. 

It was long supposed that bees' wax is merely the dust of the sta- 
mina of plants, unchanged by any process in the economy of that ani-r 
mal, Tnis opinion, however, has been lately shown by Huber* to be 
erroneous; for bees, he has proved, continue to form wax, when sup- 
plied with only raw sugar or honey. Little doubt, therefore, can exist 
that sugar contains all the principles of wax; and that wax is the re- 
sult of a new combination of those principles, effected by the animal. 

At the same time, it is equally well established^ that wax is also a 
product of vegetation. It forms the va^pish, which is conspicuous on 
the upper leaves of many trees, and may be extracted by first remov- 
ing, by water and alcohol, from the bruised leaves, every thing that is 
soluble in those fluids; then macerating the remainder with liquid 
ammonia, which dissolves the wax, and lets it fall on the subsequent 
addition of sulphuric acid. Wax Exists, also, in the substance called 
lac, in comlMnation with colouring matter; and is obtained, in consi- 
derable quantity, from the berries of the Myrica Cetifera, by the 
simple process of boiling them in water, and bruising them at the 
same time. The wax melts and rises to the surface in tlie form of a 
scum, which concretes on coqjjng.t 

In its ordinary state, wax of every kind has considerable colour 
and smell. It may be deprived of both, by exposing it, in thin lami- 
nse, to the action of the light and air, or still more speedily by oxy-^ 
muriatic acid gas. When bleached, it has the following properties : 

1. Its specific gravity is about, .960* water being 1.000. When 
iieated, it melts at about 155° Fahrenheit, or at about 7° higher than 
unbleached wax, and forms a transparent fluid, which gradually ac- 
quires consistency, till at length it returns to a solid state. If the heat 
be raised, it boils; and a portion distils over. By a still higher heat, 
it is decomposed, and a quantity of olefiant and hydrocarburet gases 
is developed. The residuum of charcoal bears only a small propor- 
tion to the wax which has been decomposed. From the results of its 
combustion, Lavoisier has inferred that wax consists of 

82.28 carbon 
17.72 hydrogen 



100. 

* Nicholson's Jciumal, ix 182. 
t Cadet, Ann. de Chim. vol. xUv. 
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Gay Liissac and Thenard, by an impiDyed method of analysis* 
have lately shown it to consist of 

Carbon 81.784 

Oxygen 5.544 

Hydrogen 1^672 

100. 

Of the hydrogen, part only is sufficient for the saturation of the 
oxygen; and besides this there are 11.916 in excess. 

2. Wax is insoluble in water. 

3. Boiling alcohol dissolves about one-twentieth, its weight of wax, 
fbur-fifths of which separatie on cooling; and the remainder is imme- 
diately precipitated by the addition of water. Boiling ether dissolves 
about one-twentieth of its weight 

4. Caustic fixed alkalies convert it into a saponaceous compound, 
soluble in warm wat^r. A heated solution of ammonia dissolves it; 
and forms a kind of emulsion. On cooling, the wax rises to a surface 
in floccuIL 

Myrtle wax, it ap{)ears from the experiments of Dr. Bostock, dif- 
fers from bees* wax in being more fusible {vix. at 109® Fahrenheit,) 
and in being soluble, to a greater amount, both in ether and in alcohol. 
The vegetable wax from Brazil, though it appears, from the experi- 
ments of Mr. Brande, to possess the principal characters of common 
wax, differs from it in some properties, and also from myrtle wax.* 



SECTION XVI. 

The Bitter Principle. 

The bitter taste of certain vegetables appears to be owing to the 
presence of a peculiar substance, differing from every other in its 
chemical properties. It may be extracted irom the wood of quassia, 
the root of gentian, the leaves of the hop, and several other plants, by 
infii sing them for some time in cold water. The characters of this 
substance have been attentively examined by Dr. Thomson, who enu- 
merates them as foUows.t 

1 • When water, thus impregnated, is evaporated to dryness by a 
very gentle heat, it leaves a brownish yellow substance, which retains 
a certaan degree of transparency. For some time it continues ductile, 
but at last Incomes brittle. Its/taste is intensely bitter. 

2 When heated, it softens, swells, and blackens; then bums away 
without flaming much; and leaves a small quantity of ashes 



• Phil. Trans. 1811, p. 267. 
t Syttem of CheousUy, v. 95. 
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3; It id very SQluUe in water, and in alcolioL 

4. It does not alter blae vegetable coloors. 

5. It is not precipitated by the watery solution of lime, barytes, 
or strontites; nor is it chang^ed by alkalies* 

6. Tincture of galls, infusion of nut-galls, and gallic acid, produce 
no effect 

7. Of the metallic salts^ nitrate of silver and acetate of lead are 
tiie only ones that throw it down* The effect of nitrate of silver can- 
not be ascribed to the presence of muriatic acid, since nitrate of lead 
produces no chanae in the solution. The precipitate bf acetate of 
lead is very abun£tnt; and that salt, therefore, affords the best test 
for discovering the bitter principle, provided no other substances be 
present, by which, also, it is decomposed. 

From recent experiments of Mr. Hatchett, it appears that the Irit- 
ter principle is fot*med, along with tan, by the action of nitric acia on 
indigo. Mr. Donovan has also composed it by the action of strong 
pitnc acid on an eaual weight of sugar. In the residual matter^ whicn 
is thick and tenacious, its presence is disguised by the sourness fi 
the malic acid, but becomes sensible when this is neutralized by liine. 
This bitter principle, he conceives, may exist in unripe fruits, and 
may afford, accordingly as it is modified by vegetation, either sugar or 
vegetable acids.* 

Another modification of the bitter prihciple has been extracted, by 
M. Chenevix, from unroasted coffee. The mfusion of Che berries was 
mixed with muriate of tin, when a precipitate appeared, which wv 
well waslied, tlien diffused through water, and decomposed by sal- 

f^hu retted hydrogen gas, which carried down the tin. The remaining 
iquid, evaporated to drynesss, ^ve a semi-transparent substance not 
unlike horn. This substance did not attract moisture from the air, 
was^nblein water and alcohol; and the solution, on adding alkali, 
became of a garnet red. Solution of iron gave k a fine green tmge,or, 
when very concentrated, threw down a green precipitate; and muriate 
of tin occasioned a yellow sediment. It was not affected by solution of 
animal gelatine. 

The bitter principle may, also, be formed by artificial processes, 
chiefiv by the action of nitric acid on animal and vegetable substances. 
Welther obtained it by digesting silk with uitnc acid; and Mr. 
Hatchett has formed it from the same acid and indigo. Its colour is 
a deep yellow, and its taste intensely bitter. It is soluble in water 
and alcohol, and is susceptible of a regular crystallized form. It 
unites with alkalies, and composes crys&tlizable salts. Its compound 
of this substance with potash detohares when struck with a hammer, 
and inflames like gunpowder when thrown on hot charcoal. On the 
whole it appears Mtter entitled to rank as a distinct prlocipl^ ihsB 
that which Is ex'tracted, by infusion, from vegetables. 



• Phil. Trww. 1815. 
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SECTION XVII. . 

Narcotic Princifile-^^Morfihmei 

OpiuM) and other vegetable products possessed of narcotic 
power, are -composed of several of the vegetables principles that 
have already been enumerated. Besides these> however, they con* 
tain a peculiar one, in which the narcotic virtue re&ides. Its pr^ 
paration and chemical qualities have been investigated by Derpsnet 
whose memoir is published in the 45th volume of the Annales de 
Chimie. 

I. To obtain the narcotic principle ixord opium by the process 
of Derosne, let water be digested upon it, and the strained solution 
be evaporated to the consistence of syrupi A gritty precipitate 
will begin' to appear, which is considerably increased by diluting 
the liquid with water. This consists of three distinct substanceS) 
resin, oxygenized extract, and the narcotic principle. Boiling alco- 
hol dissolves the resin and narcotic principle only; the latter falla 
down in crystals, as the solution cools; still, however^ coloured 
with resin. The crystals may be purified by repeated solutions and 
Crystallizations. 

II. 1. The narcotic principle, thus obtained, is white. It crys- 
tallizes in rectangular prisms with rhomboidal bases. It is destitute 
oi^ taste and smell. 

3. It. is insoluble in co)d water^ but is soluble in 400 parts of 
boiling water, from which it precipitates again as the solution 
'cools. When thus dissolved, it does not adSfect vegetable blue 
colours. 

3. It is soluble in 24 parts of boiling alcohol, and in 100 of 
cold alcohol. Water precipitates it, in the state of a white 
powder. - 1 

4. Hot ether dissolves, but deposits it on cooling. When heated 
in a spoon, it melts like wax. 

5. It is soluble in acids, and precipitated by alkalies. With nitric 
acid it dissolves, and becomes red; and much oxalic acid is formedi 
a bitter substance remaining. 

6. It may be combined with water and alcohol, by the intervene 
tion of resin and extract, the presence of which seems originally ta 
render it soluble in those fluids* 

Morphine or Morphia. 

A nu>re complete investigation of the narcotic principle has since 
been published by M. Seirtuemer, of Eimbeck in Hanover, who 
has shown that the substance, described by Derosne, is a compound ^ 
of a peculiar base (morphine) with an acid^ eiustingy 90 far tes iS^ 
known, only in opium. 
Vol. IL— B b 
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The following process is the one practised by Sertuerner for 
obtaining Morphine.* Rub together in a mortar eight ounces of 
powdered opium 9 two or three ounce measures of acetic acid, and 
a little cold distilled water; then add two or three pints of water, 
and strain the liquor. Add to it a solution of ammonia, and evapo- 
rate the liquor to one fourth. The morphine is precipitated, and 
jnvLj be separated by filti^tion. The liquid part is a compound of 
ammonia with the acid ingredient of opium. 

Another method of separating morphine has been recommended 
1>y Robiquet.t A concentrated solution of a pound of opium in 
Water is to be boiled with 10 or 12 drachms of carbonate of mag- 
nesia, during a quarter of an hour. A grayish deposit is formed in 
considerable quantity, which is to be washed first with cold water, 
and next with hot and weak alcohol, which takes up a small quan- 
tity of morphine and much colouring matter. It is afterwards 
washed with a little cold and concentrated alcohol, and then boiled 
with a sufficient quantity of the same fluid, which, at that tempera- 
ture, dissolves morphine On cooling, it is deposited a little colour- 
ed; but by repeating the operation three or four times, it may be 
obtained colourless, and crystallized in regular parallelopipeds with 
oblique facets. . 

Pure morphine dissolves in boiling water only in sftiall propor- 
tion, but is very soluble in heated alcohol and ether, and the solu- 
tions are intensely bitter. The watery and alcoholic solutions affect 
test papers like an alkali, and Robiquet thought this property most 
distinct in morphine prepared by the intervention of m^gnesiay 
which, from its complete destruction by burning, could not conttdn 
any proportion of that earth. It forms neutral salts with acids, and 
appears therefore to approach most nearly in its characters to an 
alkali^ which it also resembles in decomposing the compounds of 
acids with metallic oxides. 

Morphine fuses at a moderate heat, and resembles melted sul- 
phur. On cooling from this state, it crystallizes. It unites with 
sulphur, but is incapable of forming soap with an oxidized oil. 

Its effects on the human body are those of a violent poison. 
Three . half grains^ taken in succession with intervals of half an 
hour by the same person, produced violent vomiting and alarmiDg 
faintings. 

Another ingredient of 6p!um is the meconic acidy trhich, accord- 
ing to Robiquet, is best 6btained from the residuum of the magne- 
sian salt, which is left undissolved by alcohol in the process for 
extracting morphine. This residue may be dissolved in very weak 
sulphuric acid, and to this solutioti muriate of barytes may be added. 
A rose-coloured precipitate falls, consisting of sulphate and rac- 
conate of barytes. This is to be digested a consideirable time with 
hot sulphuric acid largely diluted. When the filtered liquor is 
sufficiently reduced by evaporation, the meconic acid shbots,'cveti 



♦ Ann. de Chim. et Phys; v. 39. f Ibid. 379. 



s 



9S(rr XYllU NAROOTIO PR^KItXPLB-^'MORPBIMB. 19^ 

before cdoling, into coloured cr^^tals. To obtain it pure, it must 
be washed with a small quantity of water, theo dried, and sublimed 
at a gentle heat. 

This acid is fusible at a temperature considerably above that of 
boiling water. It reddens vegetable blues, and is extremely solu- 
ble in alcohol and in water. Its distinguishing character is, that it 
produces an intensely red colour in solutions of iron oxidized to 
the maximum. Sertuemer did not iind that when tak^n into the 
stomach, it is capable of producing any of the effects, of opium. 

The salt of Derosne, it appears from the experiments of Robi- 
quet, is. not a compound pf morphine and meconic acid. The wa- 
tery solution of opium, freed from morphine and me<^onic acid, 
epntain$ another acid characterized by a different trsun of proper- 
ties, which may be separated by a process somewhat circuitous.* 
This acid is not volatile, and has no peculiar action on the salts of 
iron. With morphia it affords salts that are readily soluble in alco- 
hol and in water. Morphium and the salt of Derosne appear from 
the experiments of Robiquet to be both ingredients of opium, 
which are different and independent of each other* 

Beside the ingredientil which have already been mentioned, 
opium contains extract, which forms with morphine a compound 
tf most insoluble in water, but very soluble in acids. A considera- 
ble proportion of resin, and a small quantity of caoutchouc, enter 
also into the composition of opium. These are -entirely destitute 
of sedative properties, when received into the stomach. They re- 
main after acUng on opium first with water, and afterwards with 
muriatic acid.. When the residue is digested with alcohol, the re- 
sinous matter is taken up; and £p6m the remsuning mass, whicl\ 
has relisted the action of alcohol, the caoutchouc may be extract* 
ed by rectified ether. 

Tinctures of opium, it is observed by Sertu^er, should be pre- 
pared with pure alcohol, and kept in a place which is Hot very coldj 
£Mr a low temperature precipitates morphine. The addition of ^ 
little acetic acid prevents this inconvenience. 



SECTION XVIII. 

Suber and its Acid* 

This name is used to denote common cork wood, which appear^ 
to be possessed of peculiar properties! especially in its relation to 
nitiic acid. * 

I. To a.quantitty of cork^ grated into powder, and contained in 
a tubulated retort, add six times its weight of nitric acid,^of the 
^specific gravity i.26l; and distil the mixture, with a gende hea,!* 

* Am^ 4e Chim* et Fhy9, V. p. 295, 
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Itt long as any red vapours escape As the distillation advances, a 
ydlow matter, lik^ wax, appears on the surface of the liquid. 
While the contents of the retort continue hot, they are to be pour- 
ed into a glass vessel, placed on a sand-bath, and constantly stirred 
with a glass rod, by which means the liquid gradually becomes 
thick. As soon as white penetrating vapours appear, let it be re- 
moved from the sand-bath, and stirred till it becomes cold. An 
orange-coloured mass will be obtained, of the consistence of honey, 
having a strong and sharp odour while hot, and a peculiar aromatic 
smell when cold. On this, pour twice its weight of boiling water, 
apply heat till it liquifies; and filter. The filtered Uqoar, as it cools, 
deposits a powdery sediment, and becomes covered with a this 
pellicle. The sediment is to be separated by filtration; and the 
liquid reduced, by evaporation, nearly to dryness. This mass is 
the suberic acid. It may be purified, either by saturating it with 
alkali, and precipitating by an addj or by boiling it with charcoal 
powder. 

II. Suberic acid has the following properties: 

1. It is not crystallizable. 

2. It has an acid and slightly bitter taste;, and, when dissolved 
In boiling water, it acts on the throat, and excites coughing. 

3. It reddens vegetable blues, and changes the blue solution of 
indigo in sulphuric acid to green. 

4 Cold water dissolves about ^^sth its weight, and boiling wa- 
ter half its weight- 

5. It attracts moisture from the air. 

6. When heated in a matrass, it sublimes, and is obtained in con- 
centric circles, composed of numerous small points. 

7. With alkalies, earths, and metallic oxides, it form»a class of 
iSi^ts called Suberates. 

^ The action of nitric acid on cork, arid the properties of the sube- 
ric acid and its compounds, have been lately investigated by Chev- 
reul, whose memoir may be consulted in the 23d volume of Nichol- 
son's Journal. 



SECTION XIX/ 

Of Bitumena* 

m 

TnotTOH bitumens, on account of their origin, arc, with more 
propriety, classed among mineraUubstances; yet, in chemical pro- 

ferties, they are more closely allied to the products oTthe vegeta- 
le kingdom Like vegetable substances in general, they burn in 
the open air, and with a degree of brightness that surpasses even 
that of resins. By distillation per scy they yield a weak acetic acid, 
an empyreumatic oil, some ammonia, and a considerable quantity 
of carbureted l^ydrogen gasi with occasionally a small proportion 
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of car^mic acid fttid sulphureted hydrogen. T^ey arre neither solu- 
ble inflKier nor in alcohol, and in the latter respect tliey differ 
from resin. There can.be little doubt that they have been formed 
originally by the decomposition of vegetables 

The bitumens have been divided into> liquid and solid. Formerly 
it was supposed that tl\^e liquid 'bitumens had been derived, by a 
sort of natural distillation, from the golid; but Mr Hatchett has 
rendered it more probable that the solid bitumens result from the 
consolidation of the fluid ones.* 

The bituminous substances are Naphtha, Petroleum, Mineral 
Tar, Mineral Pitch, Asphaltum, Jet, Pit-Coal, Bituminous Wood, 
Turf, and Peat. To these some writers have added Amber and the 
Honey- Stone. 

Naphtha is a substance well known to mineralogists as a lighti 
thin, often colourless oil, highly odoriferous and inflammable, 
which is found on the surface of the water of certain springs in 
Italy, and on the shores of the Caspian sea It has a penetrating 
but not disagreeable odour. Its specihc gravity is ^bout .708, or, 
according to Brisson, .845. Saussure found its specific gravity in 
Its natural state to be .836, after one rectification .769, and sdfter 
two .758; after .which it could not be rendered lighter. It does not 
congeal at 0^ Fahrenh^. 

Naphtha is highly inflammable, and bums with a penetrating . 
smell and much smoke. It may be distilled without alteration. By 
long exposure to the air it becomes thick and coloured, and passes 
to the state of petroleum. The addition of a little sulphuric or 
nitric acid prodtices the same change more speedily. It is not 
miscible either with water or with alcohol, unless -the alcphbl be 
quite pure, and then the two fluids unite in any proportion. 

Naphtha appears to be the only fluid we are acquainted with, in 
which oxygen does not exist in considerable pro]>ortion. This cir- 
cumstance renders it of great use in preserving the new metals 
discovered by Sir H. Davy. When recently distilled, they have no 
actien on it; but in naphtha that has been exposed to the air, these 
metals soon oxidate; and alkali is formed, which unites with th& 
naphtha into a kind of brown soap. When carefully rectified, 
' Saussure did not find that it was at all altered by being kept three 
years in vials half full. 

Its boiling point is 186° Fahrenheit. The density of its .vapour 
is 3.833, air being I. A mixture of this vapour with common air 
bums like carbureted hydrogen gas. By the detonation of its va- 
pour with oxygen gas, Saussure determined the composition of 
iiaphtha to be 

\ Carbon 87,21 

Hydrogen . 12.79 



100. 



• 



* LinnsBan Transactions, 1797* 
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It appej^fs therefore to contsan rather more carbon thai^ pre- 
sent in defiant gas. ''^ l^f 

Petroleum is considerably* thicker than naphtha, and has a 
greasy feel. It is either wholly or in psu't transparent, and of a 
reddish brown colour. Its specific grayity is .878 

When distilled fi^r *e, a portion of colourless naphtha is first 
obtained; then an empyreumatic acid liquor; next a thick brovn 
oil; and a portion of black shining coal remains in the retort. 

Petroleum ^s highly inflammable. Sulphuric and nitric acids 
convert it into a thick b^uraen; and exposure to theuir produces 
the, same effect more slowly. It has the property of combining 
with fat and essential oils, with resins, camphor and sulphur; aad, 
when rectified, it dissolves caoutchouc. 

Mineral tar is thicker and mdre viscid than petroleum, and of 
a reddish or blackish brown colour. In chemical properties it re- 
sembles petroleum. 

The solid bitumens are Maltha, Asphaltum, and Elastic Bitu- 
men or Mineral Caoutchouc, besides the several varieties of Coal 
and Peat. ^ 

Maltha or mineral pItgh has a hrownilih black colour, and 
little or no lustre. It is so soft that it is impressed by the nails^ but 
does not stain the fingers. Its specific gp*avity is from 1 .45 to %S^' 
It is extremely inflammable, and burns with a bright fiame, leaving 
only a small quantity of ashes. 

'Asphaltum is brownish black in its colour, is brittle, shining, 
and does not stain the fingers. Its specific gravity varies from J SSI to 
1.65. It is extremely inflammable, and bums with a yellow flame. 
By distillation per 9e, it yields a light brown oil resembling naph- 
tha, a portion of water impregnated with anmionia, and a quantity 
of carbureted hydrogen gas. It has beei^ analyzed by Klaproth, 
whose accpuBts of it may be seen in the second volume of his 
*' ContributionSr" 

The appropriate solvent of asphaltum in naphtha, of which it 
requires fiye times its weight The solution is of a deep black co- 
lour, and forms an excellent varnish. 

Elastic bitumen or mineral oaoutchouo is a rare production 
of nature, and has hitherto been found only in Derbyshire. It is 
inflammable, and burns with much smoke. By a gentle heat it is 
melted and converted into petroleum, mahha, or aaphaltum. l^ 
resists the action of solvents. 

Retinasphaltom is also a rare production of the same county* 
It has no elasticity; but is brittle, and breaks with a glassy fi^cture- 
Its colour is pale ochre yellow; its specific gravity 1.135. It melts 
on the application of heat, and bums with a bHght flame. It is pa^ 
tially soluble in alcohol, potash, and nitric acid. One hundrct 
parts contain 55 resin, 41 asphaltum> and 3 earthy ms^tter. 

^ Thomson's Annals, x. 118< 



J 



SECT. XtX. BlTtJHBlJS.* 199 

Prt'-coAL is a general term, applied to several distinct varieties 
«f minerals. They have been divided into the three families of 
brown coal; black coal; and glance coal or mineral carbon. 

J3fow« cofl/ is only imperfectly bitumenized? and exhibits, dis- 
tinctly, the remains of the vegetables, from whose decay it has 
originated, it is brown, opaque, somewhat flexible and elastic, and 
nearly light enough to float on water. It burns with a clear flame, 
and with a bitumenous odour mixed with that of sulphur. In the 
mode of its combustion, as well as in its external appearance, it 
bears a considerable resemblance to wood that has been half 
charred. ' 

Biack coal is the substance which is commonly applied to the 
purposes of fuel. It shows no remains of the vegetables from which 
it has originated; but appears to be a compound of bitumen and 
charcoal; and according to the proportion of these two ingredients, 
its properties vary considerably. The best kinds melt on the appli- 
cation of a moderate heat, and burn almost entirely away, with a 
clear bright flame. .By distillation, they yield a quantity of water 
holding carbonate and sulphuret of ammonia in solution; a large 
proportion of tar is obtained, which, by evaporatipn and fusion, 
forms a kind of asphaltum; and an immense production takes place 
of heavy Carbiireted hydrogen gas, which may be advantageously 
applied to burning in lamps. In the retort, a hard heavy charcoal 
remains called coak. It contains generally a good deal of sul- 
phur: and emits, duting cbmbustion, a siiflbcating smell of sul- 
phurous acid. . 1 . 

Glance coat appears to consist of almost pure charcoal without 
any bitumen, and combined with only a proportion of earth. It is 
common in some parts of this kingdom, where it is known by the 
name of atone coal. It bums wi^h little or no flame; and, when 
submitted to distillation, yidds no tar, and a carbureted hydrogen 
gap, which, from its inferior density, cannot be advantageously 
burned in lamps. 

In PEAT or TURF, the remains of vegetable organization are 
generally very evident; and it consists, indeed, in a great measure, 
of fibres of several mosses, with occasionally whole brancht>s, and 
even trunks, of various trees. It is extremelv inflammable in the 
open air; and, when distilled in close vessels, yields products simi- 
lar to those of coal. The gas, however, which is evolved, ap- 
proaches more in its characters to carbonic oxide than to carbur 
tctcd hydrogen. In an excellent account of this substance, given 
by Mr. Jameson in his Mineralogy of the Shetlimd Islesj peat is 
said to contain the shberic "acid. The sulphates of iron, soda, and 
magnesia, are, also,' occasionally found as ingredients of peat; and, 
when in considerable proportion, impair its combustibility. 

Mellilite or honet-stone, so called from the resemblance of 
its colour to that of honey, is a very rare production, and has been 
found, accompanying brown coal, in a very few parts of the conti^ 
Rent, It is consumed when ignited in the opeu air, but without 
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flame or smoke. When long boiled in water, it yields z. solution, 
which, on being concentrated and mixed with alcohol, becomes 
pitchy. By continued trituration, however, it is dissolved, with the 
exception of some earthy flocculi. The clear liquid, decanted and 
evaporated, yields a brownish saline mass; from which," by two 
successive evaporations and solutions, needle-shaped crystals are 
obtained These are the pure mellitic acid. 

The taste of this acid is sweetish, and at the same time sour, 
with some bitterness. It is combustible when ignited in the air, 
and is decomposed by nitric acid, without the production of any 
oxalic acid. Dropped into the watery solutions of lime, barytes,or 
strontites, it gives a precipitate, wliich is soluble in muriatic acid. 
With acetates of barytes and lead, and nitrates of mercury and 
iron, it gives precipitates, which are soluble in nitric acid. It 
neutralizes the three alkalies, and affords with them crystallizable 
salts. 



SECTION XX- 

Of the Vegetable Princifilea of Aafiaragua^ Elm-tree Gum^ Eletam- 
/lancy Mushroamsj Saffron, and Coccultta Indipu^, 

By an attentive examination of the products of vegetation, some 
new substances have been discovered, the properties of which do 
not agree with those of any that have been the subjects of the pre- 
ceding sections. Hitherto, however, they have scarcely been so 
much investigated, as to entitle them to rank as distinct species. 
. 1. Mfiaragin. From the juice of asparagus, concentrated by 
evaporation, Messrs. Vauquelin and Robiquet observed, a consi- 
derable number of crystals to separate spontaneously.* Of tbe|e, 
some became, after repeated crystallizations, perfectly white and 
transparent. They were cool and slightly nauseous to the taste; 
were soluble in water; and neither affected the re -agents for acids 
nor alkalies. The infusion of gaUs, acetate of lead, oxalate of am- 
monia, muriate of barytes, and hydro-sulphuret of potash, produced 
no change in the solution; and no ammonia was disengaged by 
potash. When burned in a platjina crucible, they swelled up and 
emitted penetrating vapours, which affected the eyes and nose like 
the smoke of wood; and left a large proportion of charcoal, in which 
no traces of alkali could be discovered. Towards the close of the 
decomposition, ah odour arose similar to that of animal matter, and 
Inclining, also, to that of ammonia. It appears, therefore, that this 
substance, though crystallizable, cannot be considered as a neutral 
salt; for it contains neither alkali nor earth. Like other vegetable 
matters it appears to consist of hydrogen, oxygen, and charcoal, in 
^proportions not yet determined, with perhaps some nitrogen. 

* Nicholson's Joamal, xv. 24^ 
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9. Ulntfn. In Hie yisar 1602, Klaproth, receiVed from Pajcrmo, 
ft substaiA:e which exudes spontaneously from a species of elm, 
and which) in external characters^ bore a considerable resem* 
blance to gum. It dissolved in a small quantity of water, and 
gave a transparent solution of a blackish l)rown colour, which was 
not, however, mueilaginous, and could not be applied to the pur- 
pose of a paste Nitric acid precipitated from the solution a nght 
brown substance, which was soluble in alcohol, though the gum 
itself resisted that solvent. Ox3rmuriatic acid prbduc^ a similar 
effect. The property, of producing a resin by the acM|»n of a 
little oxygen, is peculiar to this substance, and sufficientl^hatac- 
teristic. Dy. Thomson has proposed for it the name of Ulmin^ 
tod he and Mr. Smithson have recently paid much atteiition tt^ 
the investigation of its properties.* It appears to be a very com- 
mon vegetable prodtrct, exuding from various trees, and existing^ 
according to Berzelius, in the bark of most. When pure, it is 
tasteless; sparingly soluble 4n water and in alcohol; not precipi- 
tated by acids, gelatine or tan; and very soluble in alkaline carbo- 
nates, from which it is separated by acids and metallic salts. 

3 Inu/in, When ^e roots of the inula helenium or elecampane 
are boiled some time in water, the decoction, after standing some 
hours, deposits some White powder like starch, but differing in its 
chemical qualities. Rose, who was the first person that investi- 
gated its properties, found that it is insoluble in cold water, but 
tfeat it readily dissolves in four times its weight of boiling water 
itite a liquid which is somewhat mucilaginous and not quite trans- 
parent. After some hours, the substance precipitates from the 
water, in the form of a white powder; and it may also be thrown 
down by alcohol. When placed on burning coals, it melts as rea- 
dily as sugar; emits a similar smell; and is consumed, leaving g 
Very smaH residuum of charcoal. When treated with nitric acid, 
it vields oxalic and malic acids; oi" acetic acid if too much nttrio 
«ad be employed. It differs, however, from gum in not afford- 
ing, by this treatment, any saccholactic acid; and from starclt 
(besides separating . spontaneously from hot water), in yielding 
Aone of the waxy matter, which is formed when starch is digested 
tirith the same acicj. 

Inulin has since been examined by M. Gaultier de Claubryg 
Who has pointed out the following characters as discriminating it 
fh>m fbcufa or starch. It is much more soluble than starch in holi 
urater* with which it does not form a jelly, but is deposited on 
cooling ^n the form of a white powder. It dissolves, also, in four 
or five times its weight of water at 140^ Fahrenheit, and the solu* 
tion, wfien evaporated, becomes viscous, but not gelatitious. With, 
iodine, it forms a greenish-yellow compound, which is sponta- 
neousfy liecomposedy in part at least, in a short space of time^. 

* See bis Annals el Philot. vols. 1 and ^; and Mr. Southsen's paper, f^sSU 
Trans. 1813. 
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The inulin remains lightly coloured yeUow, and retains. a pordoft 

of iodine. Muriatic acid, as well as solutions of pure, alkalies^ 
render starch gelatinous, but dissolve inulin withofit giving my 
jelly. Concentra:ted sulphuric acid, which carbonizes starch, and 
is at the same time converted into sulphurous acid, dissolves inu- 
lin without any extrication of sulphurous acid; and the inulin may 
be precipitated by ammonia* These properties appear to be suf- 
ficiently characteristic to entitle inulin to be considered as a dis- 
tinct vegetable substance. To obtain it in a sta^e of purity,. M- 
de Cl^^rf recommends to boil the roots of elecampane in a suf- 
ficien^Plarge quantity of water; to filter the liquor, and to evapo- 
rate it to the consistence of an extract, which is to be washed 
witli cold water. From the washings, Uiere falls a considerable 
quantity of inulin, which is to be gently dried, not however on fil- 
tering paper, as it adheres to this too firmly to be got off.* 

4. Fungin, This substance has been extracted by Braconnotf 
from the fleshy part of mushrooms. It may be obtained by wash- 
ing off the soluble ingredients with hot water, to which a little ad- 
kali has been added. There remains a white, insipid, soft, and 
but little elastic substance. It has a fles]|iy structurci and is in a 
high degree nutritious, and free from deleterious^ properties. 
When dry, it burns vividly, and. emits an odour resembling that 
of bread, fiy destructive distillation, it yields ammonia, and not 
an acid like wood. It differs, also, from lignin, in being insoluble 
in alkaline solutions, except when they are heated and very strong. 
Pure ammonia dissolves, a portion of it, but deposits it onexpo- 
aure to air. 

Weak sulphuric acid has no action on fungin. The concen- 
trated acid chars it, and sulphurous and acetic acids are formed. 
Muriatic acid dissolves it slowly, and converts it into a gelatinous 
matter. When heated with diluted nitric acid, azotic gas is disen- 
gaged. In this property, and in the results of its putrefaction, as 
well as in yielding ammonia on distillation, it approaches very 
nearly to animal substances. 

5. Polychroite. This name has been given, by Bouillon La 
Grange and Vogel, to the extract of saffron prepared with alco- 
hol. It has a very intense yellow colour, a bitter taste, and an 
agreeable smell. It is soluble in water and in alcohol; and the so- 
lution, by exposure to light, gradually loses its colour, which is 
destroyed, also, by oxymuriatic acid. A few drops of sulphuric 
acid change the colour to a beautiful blue; and nitric acid, added 
in like manner, to green* 

Polychroite unites with lime, potash, and barytes, and affords 
with those bases soluble compounds. Sulphate of iron precipi' 
tates it of a dark brown colour. By destructive distillation, it 
yields an acid liquor, containing ammonia, and carbonic acid and 
carbureted hydrogen gases. 

* 94 Awi. de Chin. 200r f 79 Ann. de Chim. 26f . 
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6. Picrotoxine. This principlie is'the one which communicates 
to the coeculua indicus its deleterious properties. Boullay obtain- 
ed it, from that seed, by-the following process. The seeds, de- 
prived of thfeJr pericarp, were boiled in a sufficient quantity of 
water; and to the decoction acetate of lead was added, as long as 
^y precipitate was occasioned. The liquid was Again filtered, 
and slowly evaporated to the consisteneie of an extract^ which was 
dissolved in alcohi»l, and the solution evaporated to dryness. The 
dry mass consisted of picrotoxine, mixed with a tittle colouring 
matter, the latter of which was separated by a very small ^quantity 
of water, and the' picrotoxine remained in sipall crystals. }Its pro- 
pei'ties are- the following: 

1. It is white, and crystallizes in four^ided priisms. Its taste 
is disgustingly bitter. One hundred parts of boiling water dis- 
solve four of picrotoxine, and one half separates on cooling. The 
solution does not afiect vegetable blues. 

2. Alcohol of the specific gravity .810 dissolves one third its 
weight of picrotoxine. ^ The addition of a little water throws down* 
i. precipitate, which a larger quantity redissolves. 

3. Sulphuric aeid has no remarkable action on it. Nitric acid 
^ssolyes it, and affords a yellowish green solution. When heat is 
apfilied, oxalic acid is formed* Acetic acid readily dissolves it, 
and it is precipitated by carbonate of potash, it is soluble, also, 
in weak solutions of the pure alkalies. 

4 The results of its destructive distillation do not materially 
differ from those of other Vegetable matter. 

7. Mcotin. This is* the principle in which reside the active 
properties? of tobacco (nicotiana,) from the juice of which it may 
be extracted by the foHowing process of Vauqu'elin.* Evaporate 
the expressed juice to one fourth of its bulk, and pour off the 
fluid from the gritty matter which separates oil cooling. Repeat 
this operation as often as^ any similar deposit takes place; and^ 
when the fluid is so much Inspissated that nothing farther can fallj 
digest it in alcohdl. Distil off the alcohol, and concentrate the re- 
nduai matter to dryneils by a very gentle heat. Dissolve this agaial 
in alcohol, and again reduce it to a dry state. In this state, it still 
contains both acetit imd malic acids; it must therefore be dissolv- 
ed in water, and very cautiously saturated with pot^h. When this 
Kquid is distilled to dryness, a solution of nicotin passes into the 
receiver. &y dissolving the residual niattei" in water, and again, 
distilling, repeating this process several times, the whole of the 
mcotin may be obtained in aqueous solution. This solution is co- 
lourless; has the peculiso* smell of tobacco; and occasions violent 
sneezing. Its taste is acrid, and it possesses poisonous qualities. 
According to Vauquelin it is precipitated by tincture of galls, and 
it approaches most nearly in its properties to the volatile o^s. 

8. Pollenin. The pollen of tulips was ascertained by Professoi* 

^ Ann. de Ohim. Ixxi* 139. 
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John to coBtain a {peculiar sub^tancot wliicb wss as first coofovrnd- 
ed with albumen; but to which he has since given the^atne of pol- 
lenin * It is insoluble in alcohol, ether, wat^^ oil of turpentins, 
naphtha, carbonated and pure alkalies; and when distilled yielda 
ammonia and an acid liquqir. It has a yellow colour, and is desti* 
tate of taste and smelU By exposure to the air, it putrefies, aM 
acquires the smell of cheese. It is extremely combustible, aad 
bums with great rapidity and fiame, in consequence of which Uis 
pollen of the lycofiodium clavatum has been often used ia tbeatii- 
cal enhibitions to imitate lightning. 

9. Emetin. There a^ three different genera of plants that art 
employed under the name of Ipecacuanha; but it is the root of a 
species of callicocca^ thai ia directed by the Pharmacopoeia of the 
London College. The cortical part of the root has been latelf 
Siibmitted to a skilful analysis by MM. Mageadie and Pelletieri 
who have obtained.from it about 14 per cent, of a peculiar matieri 
m which the emetic virtue of the root eKckisively resides, and 
which they have therefore called emetin,^ 

To obtain emetin, powdered ipecacuanha is to be digested witk 
sulphuric ^ther, which removes a portipn of fatty matter. Alcohol 
is then to be digested on the remainder; the tincture to be evapO' 
rated by a water bath; and the dried matter dissolved in cold w«« 
ter, which separates the wax. It is next to be macerated on pow- 
dered carbonate of barytes, to remove the galUc acid; agam 
dissolved in altohol and evaporated once more. The emetic 
principle remains in the form of transparent scales of a red<&di 
brown colour It has scaively any odour; has a sHghtly acrid and 
letter, but not a nauseous taste; deliquesces in the atmosphere; is 
soluble in water and in alcohol in all proportions; and is incapable 
of being crystallized. It is decomposed by a heat exceeding thai 
of boiling water, but gives no ammonia by distillation^ which 
proves that nitrogen is not one of its elements. Gallic acid pre* 
cipitates it from its solution; but the re*agent, that most power- 
fully affects it, is the subz-acetate of lead, whicb completely preci* 
ptitates it from all its solutions. It appears, therefore, that emeta 
is a substance 8ui generi^^ possessing distinct and peculiar pro- 
perties, which are the same from which^oev^ of the plants, capi^ 
ble of affording it, it may have bef n obtained. 



* ThoQiaeix's AjmnOs, vii. 49« 



f T^ott^an's Annals, i^, 4f^' 
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- SECTION I. 

Finoua Fermeniation, 

The pheiiOTnena and results of this process may be accuratelj^ 
examined, bf means of an apparatus similar to that described iii 
Lavoisier's Elements, part iii. chap. ri. A more simple one, 
llbwever. will sufficiently answer the purpose It may consist of a 
large glass matrass, shaped like fig. 4, capable of holding 10 or 
12 pints. Itito the opening of the neck) a glass tube may be ce- 
mented, which is to be twice bent at right angles. The aperture 
of the other leg may terminate in a two-necked bottle,* from which 
a bent glass tub^ is to proceed, and to be carried under the shelf 
of the pneumatic trough, or (which is better) into the receiving 
pipe of a gazometer, fig. 35, d. The matrass may then be half 
filled with a solution of sugar in a proper quantity of water, or 
with an infusion of mah with the addition of a little yeast. Wheti 
placed in a room, the temperature of which is not below 60*' Fah- 
renheit, the fermentation soon begins to take place*; a brisk motion 
is observed in the liquid ; it becomes turbid, and deposits some 
impurities, while a frothy scum rises to the surface.' When the 
materials are in large quantity, viz. sufficient to fill a cask, a hiss- 
ing noise is heard in th^ liquid, and its bulk increases so much, 
6iat, if the vessel were full, it now overflows. At the same time, 
a considerable quantity of gas escapes, and passes through the 
bent tube, into the receiver inverted in the pneumatic trough, 
or into the gazometer. During the process of fermentation, the 
fiquor preserves a higher temperature than that of the surround- 
ing atmosphere After some days, these appearances gradually 
decline; and, if the process has been well conducted, and sus- 
pended at ' the proper period, the result is a liquor, not sweet, 
like that submitted to experiment, but having a vinous taste and 
smell. 

When the gas, contained ih the gazometer, is examined, it is* 
found to be carbonic acid, holding in solution something which 
has a sn^ll like that of the fermented liquor. Oh'' submitting the 
latter to distillation, we obtain a liquid considerably lighter than 
water, and having a strong spirituous taste. This, when deprived 
of the water with which it is combined, is alcohol. 
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SECTION IL 

AlcohoL . 

'■■■••> 

It has been a subject of controversy whether the alcohol, ob- 
Ceiined by the distillation of wines, and of other fermented liquor^y 
existed ready formed in those liquors, or has been actually y^ro- 
ducedi in consequence of a new arrangennent of the elements of 
the fluid by the increase of temperature. The latter^ opinion was 
mipported by Fabroni,* and had gained considerable currency, till 
the contrary was fully established by Mr. Brande,t in two me- 
moirs ; in the first of which it was shown, that the results of the 
distillation of wine are not affected by a variation of temperature 
equal to. 20 degrees of Fahrenheit; and in the second^ that alcohol 
may be separated from wine,- without the intervention of heat . 

When a solution of acetate of lead (sugar of lead), or of sub* 
acetate of lead (Goulard's Extract), is added to wine, a dense, ki« 
soluble, precipitate is quickly formed, consisting of a compound of 
the metallic oxide, with the acid and extractive colouring matter 
of the wine. On filtering the fluid, we obtain a tnixture of alco- 
hol, water and a portion of the acid of the pnetallic salt ; provided 
the latter has not been added in excess, in which case a part of |he 
salt remains undecomposed. Frorn this liquid, hot and dry sub- 
carbonate of potash separates the water; and the alcohol floats at 
the top, forming a distinct stratum. By operating on artificial 
mixtures of alcohol and water, Mr. Brande found that when the 
alcohol is not less than sixteen per cent , the quantity indicated by ^ 
the subcarbonate, was always within one \ii\i part in 100 of the 
real proportion contained in the mixture. The experiments may 
be repeated in glass tubes, from half an inch to two inches diame^ 
ter, accurately graduated into 100 parts. Or, to ascertain in a 
more simple way, the quantity of alcohol in any wine, its acid may 
be saturated with potash ; and a given measure then distilled with 
a gentle heat nearly to dryness;. the deficient bulk of the distilled 
liquor being made up with distilled water. This mixtur is to be 
shaken, and set aside for 24 hours. Its specific gravity will thea 
show the quantity of alcohol which the wine contains, and which 
may be immediately seen by referring to Mr. Gilpin's Table, aa 
abstract of which will be givep presently. 

Gay LussacJ has lately recommended the substitution of very 
finely powdered litharge for the acetate of lead ; and has added the 
important fact that wine distilled, m vacuo^ at the temperature of 
60° Fahrenheit, affords alcohol; a convincing proof, if any had 
been required, that the alcohol is merely sefiaraiedj and notybrm^ 
fdy by di^tilladon. > 



♦ Ann. de Chim. xxx. 2t#. 
j86Ann. deChim.l7S.^ 
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From an extenrive series of experiments} Mr« Brfloide has conr 

structed the following 

Table of the Quantity of Alcohol^ qf afiecific gravUy .82.5 at 60* 

Fabt, in varioua Whies^ tsfc* 



Port, average of 6 
Ditto, highest 
Ditto, lowest . • 
Madeira, highest 
Ditto, lowest • . 
Sherry, average of 4 
Ditto, highest 
Ditto, lowest • . 
Cl:aret, average of 3 
Calcavella . . . 
Lisbon • . • • 
Malaga . • • 
Bucellas • . • 
Red Madeira . . 
Malmsey Madeira 
Marsala • . • 
Ditto ' . ... 
Red Champagne 
White Ditto . . 
Burgundy . * . 
Ditto . . • . 
White Hermitage 
Red Ditto * . . 
Hock . • . . 
Ditto .... . 



lOp MeaittVet 
Mtttain 

. 33.48 

. 25.83 

. 31.40 

. 34.42 

. 19.34 

. 17.92 

. 19.83 

. 13.25 

. 14.43 

• 1^.10 

. 18.94 

. 17.26 

. 18.49 

. i 8.40 

. 16.40 

. 25.87 

. 17.26 

. 11.30 

. 12.80 

. 14.53 

. 11.95 

. 17.43 

. 12*33 

. 14.37 
S,8^ 



KindofWiaA. 

Vin de Grave 
Frontignac 
CotiRoti . . 
Roussillon . . 
Cape \fadeir9 
Cape Muschat 
Constantia ; 
Tent . . . 
Sheraaz . • 
Syra<?use . . 
Nice .... 
Tokay . . . 
Raisin W'me . 
Grape Wine . 
Currant Wine 
Gooseberry Ditto 
Elder Wine . 
Cider . . . 
Perry . . . 
Brown Stout . 
Ale ... . 
Brandy . • • 
Rum ... 
Hollands • . 



100 Me ftsarft 
contain 

12.80 

13 79 

1233 

17.36 

18.11 

18.25 

19.75 

1330 

15.52 

15 28 

14.63 

9 88 

25. 7r 

18 11 

20.55 

11.84 

9.87 

9.87* 

9.%7 

6.80 

8.88 

53 39 

53.68 

51.60 



Some doubt may, perhaps, be excited of the accuracy of this 
Table, by a reference to the comparative intoxicating effects of 
port wine and brandy, the latter of which certainly are more than 
double thoBe of the former. But it is to be remembered, that, in 
wine, the alcohol is in a state of combination with other ingredi* 
tnts, which must necessarily diminish its activity on the animal 
system Variations from the above proportions may, however, be 
expected to arise from the variable purity of the liquors, that may 
be the subjects of experiment In Mr. Brsgide's analyses, great 
pains were taken to employ such as were perfectly unadulterated. 

1. To prepare alcohol, the spirit of wine of he shops may be 
employed. To a quantity contained in a glass vessel, the sub- 
carbonate of potash, perfectly dry, and heated to about 300^, is to 
be added ; the mixture is to be well shaken ; the clear liquor de- 
eanted ; and this is to be repeated as long as the alkali is moisten- 
M by the spiriti Wh^ <mough hs^ been eipployedi tfa^ next ad^ 
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dkion win &II to the bottdm in a f)efffec% diy sta!te. The dry 
muriate of lime may be advantageously use<l as a substitute fo# 
alkali. Or it may be employed to strengthen alcohol, which has 
been prepared with the mild vegetable alkali; but it appears 
doubtful whether d little ether is not produced by its action. 
When the muriate is no longer^ moistened on being added to the 
spirit, we may conclude that enough has been used. Two dis- 
tinct strata will then be seen in the liquid, the solution of muriate 
of lime in water, at the bottom, aiid the alcohol at the top. The 
latter is to be decanted^ or drown off by a syphon,, and th^n sub* 
mitted tp distillation^ reserving only the portions which first pass 
over. Gay Lussac recommends quicklime or barytes, in prefer- 
ence to piuriate of lime; and Dubuc advises the ufte o^ diy ain- 
mine, by which he brought alcohol to the specific g^vity .9lTt 
without $my risk of forming ether by the process,* 

II. 1. Alcohol is considerably lighter than water, x^tz. in the 
proportion of 800 or 820 to 1000. The UghtesI, that can be ob- 
tained, by simple distillation, from spirit of wine, has the specific 
gravity of 825. By the intervention of substances which strongly 
attract water, Chaussier brought it to the specific gravity, of 798| 
and Lovitz and S^ussure jun. to 79 1 or 792. Alcohol of the specific 
gravity 820 still contains, according to Loyitz, about one 10th its 
weight of water. When of the specific gravity. 9 20, it has bee^ 
called /tro(>/*«/^tnV«; the term adwmte fir oof hein^. used to denote i£ 
i^rit lighter than this, and under ftroo/ one which contains a stiU 
la%er proportion of w^ter. Rectified spirit is directexl, bf the 
London Pharmacopoeia, to have the specie graYity.of.8-35, but it 
seldom exceeds 840. The quandty of alcohol ajkl water in mix* 
turea of different specific gravities, may be learned firom Mr. Gil* 
pin's copious tables, of which the following is an abstrapt.t 

Table showing the Specific Gravities qf the Mi:Fture9. ofMeohAl 

and Water, 

' " ■ ■ ■ " ■ ■! ■ I n < r 



Centetiraal Parts of the Mixture. ^ 



Alcohol 



100 
95 

90 
85 

80 
75 
70 
65 



SPECIFIC GRAVITIES 



According to 



0.7980 

0.8165 

8^540 

0.8485 

0*86^ 

0.87525 

0.8880 

0.9005 



AQcordlngto Gilpin, 
(iut Tahie.) 



I 



0.825 
O 83667 
O 85344 
0.86414 
0.8760f 
0.88762 
6088^ 
O 90941 



* 86 Ana. d(S Chim* S14. 

f Philo8opVitc&J Transactions, 1794, (ff Nicholson's Jounaal, 4to. %(A» i* 
Mr. Gilpin's standard alcohol had the specific gravity of 825, and Chanssier'fi 
of 798. The Tables of Mr. Gilpin are much too long to be inserted withoat 
abridgement in this work* 
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Centesfanai I%rtt of the Mixture. 


SPECIEI 

Aecording to 
CluiiiMiier. 


C GRAVITIES 

Aecotdiite to Oilpin. 
(UucVable.) 


Alcohol • 


. 60 


0.9120 


0.91981 


!> 


55 


0.9230 


0.92961* 


• 


50 


0.9334 


0.93882 




45^ 

40 ' 


0.94265 
0.9514 


0.94726 * 
0.95493 ^ 




35 


0.95865 


0.96158 




30 


0.96535 


0.96736 




25 


0.97035 


0.97239 




20 


0.97605 


0.97723 




15 


0.9815 


0.98213 


^ 


10 


0.9866 


0.98737 


-. 


5 


0.99335 


0.9932r 


* 





0.99835 


1.00000 



2. Alcohol unites chemically with water ; and caloric is evolved 
during this union. Equal measures of alcohol and water, each 
at 50^ Fahrenheit, give by sudden admixture an elevation of nearly 
20^ of temperature ; and equal iheasures of proof spirit and water 
an increase of 9^^. The bulk of tl^e resulting liquid is less also 
than that of the two before admixture. Thus a pint of alcohol 
and a pint of water, when tlie mixture has cooled to the tempera- 
ture of the atmosphere, falls considerably short of two pints. 

3. Alcohol is highly imflammable. During its combustion, 
carbonic acid is generated; no charcoal appears; and a quantity 
of water is produced which exceeds in weight the alcohol em- 
ployed. An ingenious apparatus, for the purpose of ascertaining 
this fact, is described in the third part of Lavoisier's Elements, and 
is represented in the 9th plate to that work, fig. 5. The flame of 
alcohol acquires a red colour from muriate of lime, a deep bipod- 
red from the muriate of strontites, and a green tinge from boracic 
acid. 

4. Alcohol is a fluid which is remarkably expansible by heat. 
DividijQg the scale between the freezing and boiling points of wa- 
ter into two equal parts, Mr. De Luc has stated that alcohol ex- 
pands ZS parts for the first 90^, and 45 parts for the second 90o. 
The strength of his alcohol, however, is described only by the in- 
definite test of its firing gunpowder. Mr. Dalton found that J 000 
parts of alcohol of the specific gravity .817 at 50** Fahrenheit be- 
come 1079 parts at 170**. At 110**, half way between the two 
extremes, the alcohol was at 1039, or half a division below the 
true mean. The more the alcohol is diluted with water, the 
greater he found the dispropbrtioiyUr • the two parts of the 
scale. When of the specific gW^ answering to 75 per 
cent water, the ratio of expaiy\ "^ ^ the first half between 
50« and 170<>, was to that thrf;' second half as 35 to 45,^ 

Vol. IL—D d w 
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tdiich is precisely the same as De Luc gives for pure alcohol. In 
reportii^g these results no account is taken of the eKpaosionof the 
glass vessel, and consequently the real expansions may be consid- 
I ered as rather exceeding the apparent ones which have been 
stated. / 

5. Alcohol boils at Vt^^. If water be added, its boiftng point 
is proportionabiy raised; so that the temperature, at which k boils, 
is not %bad test of its stren^h. At this'degree of heat, it is con- 
verted into a vapour, which may be exploded by passing an elec- 
'tri^spark through a mixture of it with oxygen gas. 

Alcohol of the specific gravity .8152 at 50*» Fahrenheit, gives a 
gas, the density of which is 1 \ times that of the atmosphere. To 
become gaseous, alcohol absorbs 0.436, the caloric required to va- 
porize an equal weight of water. 

6. It has never yet been congealed by any known method of 
producing artificial col(|. Evea wnen diluted with an equal weight 
of water, it requires a cold of 6** below to con|^al it. Mr. Hut- 
ton of Edinburgh, announced, indeed, several )^ars ago,* that he 
had succeeded in congealing alcohol of the specific gravity .798, 
but neither a confirmation of the fact, nor the details of bis pro- 
cess, have yet been published. 

V*. Alcohol is a powerful solvent. It dissolves sqap; Vegetable 
extract; sugar; oxalic, camnhoric, tartaric, gallic, and benzoic 
acids; volatile oils, resins, and balsams. It combineSy also, with 
sulphur, phosphorus, and the pure ^k^^lies; but not with their 
carbonates. Of the class of salts with alkaline, earthy, and paetal- 
lie bases, alcohol dissolves some copiously, others sparingly, and 
others not at all. The proportion, in which some of these are 
taken up, is stated in the fplloyring Table by Wenzel, the princi* 
pal defect of which is thp omission of the specific gravity of the 
alcohol employed. 

Two hundred an(f forty grains of boiling alcohol dissolve pf 

Borate of ammonia . 1 

Fluate of alumine 1 

ammonia 1 , 

Muriate of ammonia ......... Vf' 

— '- — lime . ?88 

— ^ — — ^magnesia, *........ 13113 

— : r potash . * • . 5 

Nitrate pfalumiiie •..•..... 340 

^w- ammonia ......... ?l4p 

^ ; — — lime .......... 388 

— : n^iagne^ia 694 

— ■: potash ... 1 • .... . 5 

* soda .......... 23 

* Nicholson's Jot^rnal, x^xiv. 166. See alaio Thomson*? Annal^j i. 2$li 
and is. 63,471. 



tfitor* f 1^ 



ALOCntOh* 



211 



Oxalate of alumine . < 
Tartrate of alumine . . 

— ammonia 

' potash 
Siiper-tartrate of potash 
— oxalate of potash 



7 
7 
7 
1 
7 
7 



Mr. Kirwan, also, has given us a very useful Table, showing the 
power of alcohol at different specific gravities to dissolve several 
of the neutral salts. The salts were first deprived of their water 
of crystallia»tion, and were digested, during three days, with 
alcohol, the ten^perature of which never exceeded 80«» Fah- 
renheit. 



.Siilp^te of soda . . . , 

■ ■■ magnesia 

Nitrate of potash • • 

aodsa . . . 



tf^mm 



Mttrtilie<of potasSi • • . 
■ I ' ■ mi ll soda . ♦ « • 
■ '■' ■ acntnonta « 

I barytes . . • 

- crystallized 



Acetate of lime 



v» 





t» QMku tS MMbtoittt 




.„ A, - 


.900 


L«72 


v848 


.834 














1 


I 








2;76 


I 








10.5 


6 


.... 


0.38 


4^6^ 


1.66 


» • . • . 


0.38 


5.8 


3.67 


• • • . 


0.5 


7.5 


4.75 


• • • • 


1.5 


21.25 


* • • • 


23.75 


36.25 


I 


• • .' • 


1 0.29 


0.18 


1.56 


. • • • 


0.43 


0.32 


2.4. 


. ,• • • 


4.12 


4.75 



.817 


O 







50 
0,09 
0.06 
4.88 



Some salts, also, when actually dissolved in w&ter, are precipi- 
tated by the additibn of alcohol. This ii the case chiefly, with the 
sulphates, several ot which are precipitated immediately, while 
others are not separated without the application of heat and a few 
days' reposa 

S» Alcohol, whfen tf ittsmittfed through a red-hot copper tube, is 
decwn^sed» The tube is foU^ lined >vithi a very fine light soot 
i^sifiembdtiig laivip-blai^k, itnd an tindilinfims quantity of carbureted 
hydrogen gas is etolv^d, liot less, a» appentrii from an eitperiment 
of Van Mtrum, than ten cubic feet by the decomposition of three 
oanees of alcahol. From the analysis of this gas, Mr. Cruickshank 
h«»iftCerred that in idcohol tlie c«(rbon is to the hydrogen in the 
pfopottidn of 4 to r.^ 

9. Im order tb dc^etlnin^ accuraitely the composition of alcohol, 
Lavoi^^ burned a qnttitity irith i^ety mitiitte atteii^on to the pro- 
ducts. The Weljg^t of ilcohdl cotisUm6d anibUHted to 93»5 grains, 
And* 1 10,52 gfai^s of oxygen ifei-c expended in the combustion. 

*' NieliDlsoa's JoorMd, 4to. r. 7. 
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The water produced a^)ouDted to 105.2 grains, and the carboniG 
acid to 93.8. From the known quantity of carbon in carbonic acid, 
and. of hydrogen in water, Lavoisier inferred that the alcohol, on 
tirhich he operated, consisted of ' 

Carbon 28.53* 

Hydrogen 7.86 

Water (existing in the aloohol) . . . 63.6 

100. 

Comparinj?, then, the composition of alcohol with that of sugar 
(a compound, as has already been stated, of 8 parts hydrogen, 
64 oxygen, and 28 carbon,) the same distinguished philosopher 
was led to the conclusion that, during the vinous fenhentatioD, 
][>art of the carbon^ by uniting with the oxygen, passes to the 
state of carbonic acid, and that the remaining carbon, with the 
hydrogen of the sugar, composes alcohol.. If, therefore, it were 
possible to combine carbonic acid and alcohol, sugar ought to be 
regenerated. 

An analysis of alcohol has lately been executed with considera- 
ble skill by Saussure, jun. Two different methods w»e employ- 
ed in his experiments. Alcohol was transmitted through a red- 
hot porcelain tube; by which operation it afforded water, and a 
quantity of gas, which readily admitted of 9tnaly«is. By an elabo- 
rate set of experiments, alcohol, of specific gravity .792 at 6^8^, wjas 
proved to contain, per cent. ^ 



Carbon . . . . . , 

Oxygen ....... 

Hydrogen ... ... . 



51.98 
34.32 
13.70 



100. 



Beside the hydrogen, necessary to form water with the 34.32 
parts of oxygen, there are 9.15 parts of hydrogen in excess. Now 
it is remarkable that this excess of hydrogen is to the carbon in 
alcohol (51.98) in the same |>roportions as the hydrogen is to the 
charcoal ofolefiant gas; and we are, therefore, entitled to consider 
100 parts of alcohol, of specific gravity .792, as constituted of 
(9.15 + 5i.98 =) 61.13 parts ofolefiant gas and 38.87 of water; or 
two of olefiant gas, and one of water; or of two atoms of charcoal^ 
three of hydrogen, and one of oxygen. In 1000 parts of alcohol, 
specific gravity .792, we have, therefore, ^e elements of 100 parts 
ofolefiant gas, united with those of 63.6 water. But as this alco* 
hoi may still be supposed to contain 8.3 per cent, water, real alco- 
hol is probably constituted of 100 parts of the elements of olefiant 
gas, and of 50 parts of water. Reducing these weights to volumes, 
and dividing the weight of the olefiant gas (100) by 0.978,.it8 den- 
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sky; and the weight o the water (63.58) by the density oC aqueous 
vapour, Gay Lussac finds that alcohol consists of 

«. 

Olefiant Gas • . . .• . . 102.5 volumes 
Aqueous vapour , 101.7 volumes 

% ■ 

From which, he thinks, it may safely be inferred that alcohol 
is constituted of equal volumes of olefiant gas and of aqueous va- 
pour, the condensation being half the sum of the volumes of those 
two bodies. This would give the specific gravity of vaporous al- 
cohol 1.603, and by experiment it comes out 1.613, a coincidence 
as near as can reasonably be expected. 

~ According to the analysis of sugar, made by the same philoso- 
pher in conjunction with Thenard, it consists of 

Charcoal • . . • . 42.47 

Oxygen and hydrogen in the propor-^ ^^ -« 
tions required to form water • • i ' 

But if we suppose that sug^r is composed of 40 parts by weight of • 
charcoal and 60 of water, and convert these weightslhto volumes, 
it will then consist of 

1 volume of charcoal in vapour^ 

1 volume of aqueous vapour, ^ 

or of 
- I volume of charcoal in vapour, 
1 volume of hydrogen, 
ft a volume of oxygen. 

But alcohol, it has been already stated, is constituted of 

1 vol. olefiant oU = ^ f ^^^ l^^"^ ^^ charcoal, 

1 2 vols, hydrogen, 

~ 1 vol. aqueous vapour = $1 ^*'j- Mrogen, 
^ ^ li vol. oxygen. 



or 
2 vols, vapour of eharcoal^ 
Alcohol sK -{ 3 vols, hydrogen. 

i a volume of oxygen. 



I 



And tripling the numbers representing the elements of sugar, 
in order to equalize the hydrogen of both. 



{ 



3 vols, vapour of charcoal. 
Sugar s -{ 3 vols, hydrogen, 

3 half volumes of oxygen. 



Comparing, then,:the composition of sugar with that of alcohol, 
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it follows that to tramlbrm the fofitner into the hctter, if e must 
remove 

1 vol. of the vapour of charcoal, 
1 vol. of oxygen gas, r 

# 
which, by combining^ form I volume of carbonic acid. Reducing 

these volumes to weights, 100 paunds of sugar should afford 5 1.34 
-of alcohol and 48.66 Carbonic acid.* 

By distillation with the more powerful acids, alcohol undergoes 
an important change. It is converted into a liquid considerably 
tighter than alcohol, atld much more volatile and inflammable, and 
miscible only in small proportion with water. This fluid has re- 
ceived the generic name of eiher; and the peculiar varieties arc 
distinguished by adding the name of the acid, by the intervention 
of which they have been prepared. 
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Ether, 

I. To prepare sulfihuric ether^ puar into^ ft t*etort any quantity- 
of alcohol, and add, at intervals sufficient to allow th6 mixture to 
cool after each addition, an equal weight of concentrated sulphuric 
acid, agitating them together each time, and takiingf (iare that the 
temperature of the mixture does not rise above 1^30 **' Fahrenheit. 
Let the retort be placed in a sand-bath previously heated to 200<>, 
and be connected, by means of an adopter, with a tubulated re- 
ceiver. To the tabolure of the receiver, a glass tube, twice bent 
at right angles, may be luted; and its aperture be immersed in a 
cupful of water or mercury. The condensible vapour is thus 
confined; while the gases that are produced are allowed to escape. 
The receiver and adopter should be kept cool by the application 
of ice or of moistened cloths. As soon as the materials begin to 
boil, ether is produced, and passes over into the receiver. The 
ebullition is to be comtinued, till white vkpours appear in the re- 
tort, or a smell of sulphurotis acid is perceived; and the receiver 
is then to be removed. The liquois which it contains, will pro- 
bably have a smell of sulphurous acid. To purify it, a small 
quantity of black oxide of manganese may be a4ded^ and the mix- 
ture may be kept in a bo^e about 34 hoursy agitating It occa- 
sionally. The clear liquid ^ then to be decanted, and distilled in 
a water bath, till one half has come over. This is to be preserved 
in a well-closed phial. It wilt be, to the alcohol employed^ aa 
about 1 to 3, 

* Gay LvsBac, dS Jsea^i de>'Chiffi> 3IJ . 
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If, when the ether ceases to be formed, the receiver be removed, 
and the heat stUi continued, sulphurous acid is produced abun- 
dantly, and a yellowish liquor, very different from ether, distils 
over. This may be mixed with a small quantity of liquid potash to 
correct the sulphurous smell, and then submitted to a heat suffi- 
cient to dHve off the small proportion of ether. The oil o/vnne rci- 
mains swimming on the watery liquid. 

II. JViiric ether may be prepared as' follows. To two pints of 
alcohol, contained' in a glass retort, add, by degrees, half a pound 
of nitric adid; and, after each addition, cool the materials, by set- 
ting the retort in a vessel of cold water. Distil the liquor by a very 
cautiously regulated heat, till about a pint and a half have come 
over. In this state the ether is far from being pure, and must be 
redistilled, with the addition of pure potash, preserving only the 
first half or three fourths that come over. 

Thenard prepared nitric ether'by the followmg process: Into 
a retort, he put equal parts (about 16 oz. of each) of alcoiiol and 
nitric acid; and adapted to it in succession, by means of glass tubes, 
five tell bottles, half filled with a saturate^||^lution of muriate of 
soda. In the last, was a bent tube, opeilhg under a jar, to receive 
the g'ks. The bottles were surrounded by a mixture of pounded 
ice and salt, which was stirred occasionally. To commence the 
operation, a little fire was applied, but it soon became necessan^to 
extinguish it, and to cool the retort. On the surface of the s^P^ 
solution, in each of the bottles, was found, after the process was 
concluded, a yellowish liquid, equal . in weight to about half the 
alcohol employed. That in the first bottle was impure; but the re- 
maining^ four contained nitric eth^r free from admixture. 

Nitric ether, thus prepared, is specifically lighter than water, 
but heavier than alcohol. It dissolves in the latter fluid, but re- 
quires for solution 48 parts of water. It reddens litmus; and 
though this property may be destrt)yed by a little lime, yet thet 
ether soon becomes acid ag^in by keeping. It ils highly combusti- 
ble; and much more volatile than the best sulphuric ether. It is 
composed, in 100 parts, of 16 azote, 39 carbon, 34 oxygen, and 9 
hydrogen.* 

III. To prepare muriatic ethery add, to a mixture of 8 parts of 
manganese and 24 of muriate of soda, in a retort, 12 parts of sul- 
phuric acid, previously mixed, with the necessary caution, with 8 
of alcohol, and proceed to distillation. The ether, thus obtained, 
requires to be rectified by a second distillation from potash; and is 
still liable to be contaminated with sulphuric ether. A more cer« 
t^n process, which is not, however, unaccompanied with some 
d^cuhy, consists in passing oxygenized muriatic gas through 
alcohol; and, according to Klaproth, this kind of ether may, also, 
be safely and effectually prepared by distilling equal parts of alco<- 
hol and oxymuriate of tin. The distilled liquid is to be rectified by 

^ ^ Nicholson's Journal, xriii. 144. 
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a second distillation with caustic potash. An improved mode of 
preparing this ether, and an account of its properties, by Thenard, 
may be found in Nicholson's Journal, xviii, 177, or in the Philo- 
sophical Magazine, xxx. 101. 

IV. Chloric ether may be formed by causing a current of olefiant 
gas, and another of chlorine, to meet in a glass balloon, taking care 
that the first mentioned gas is somewhat in excess. An oily fluid 
condenses, which may be purified by firs{ washing it witli a little 
water, and then distilling it from fused muriate of lime. It is limpid 
and colourless, and its smell and taste are both rather agreeaWc. 
Its specific gravity is 1.2201; its boiling point 152° Fahrenheit; its 
vapour, at 49° Fahrenheit, supporte a column of mercury 24.66 
inches high; and the specific gravity of this vapour is 3.4434, air 
being 1 . It burns with a green flame, giving out a smiull of muriatic 
acid and much soot. It is composed of 100 chlorine + 38.88 ole- 
fiant gas; and hencS it may be inferred to consist of one atom of 
chlorine and two atoms of olefiant gas.* 

V. Phosphoric ether may be obtained, by distilling a- mixture of 
thick tenacious phosfi|jk*ic acid and akohol. The first product is 
a portion of unchangecnil|Mhol. After this, a liquid passes over, 
which has an etherial smell, and a specific gravity inferior to that 
of alcohol. It is very volatile, requires for solution eiglU or ten 
parts of water; boils at 100°; and burns with a white flame, without 
leaving any trace of acid.f 

VI. Fli{,oric ether has been obtained by distilling, in a leaden 
ifetort, a mixture of equal parts of fluate of lime, sulphuric acid, 
and alcohol. The product of this distillation was again distilled till 
one half had come over, to which potash was ackded. This preci- 
pitated so much silex, as to gelatinate the whole mass, which) on 
being again distilled, gave a light etherial liquid of the specific 
gravity 720. t 

- VII. Acetic ether may, be. formed by repeatedly distilling cou- 
qenti'ated acetic acid (procured from acetate of copper) with alco- 
hol, and returning the distilled liquor to the charge in the retort. 
The ether, thus produced, may be freed from a redundance of acid, 
, by distillation with a small quantity of potash. It is heavier than 
other ethers, its specific gravity being .866. It is volatile; bqils at 
128°, and burns with a yellowish white flame. During combustion, 
acetic acid is developed) though none can be discovered in tlie 
ether before. 

This process has been repeated, with considerable attention, by 
Mr. Chenevix. By repeatedly distilling to dryness a mixture of 
ten parts of alcohol with t^n parts of acetic acid, he ascertained 
that no change in the specific gravity, of the product took place 
after the first distillation. Seven twelfths of the Sicetic acid were 

* Thomson, Werner, Trans, vol. i.; and Robiquet and Colin, >nn. de 
Chim. et ?by*. i. and ii. f See BouUay, Ann. de Cbiffl. Ixi'- ^^^' 

X Nicholson's Jonraal, viii. 143. 
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decomposed. Diy carbonate of potash, added hi sufficient quantity 
to absorb all the water, gave a quantity of ethet>ial liquor, which 
weighed 7.4 parts, and had the specific gravity of 8.621. • 

Sulphuric ether will be best employed to exhibit the properties 
•f this substance, which are the following: 

1. It is extremely light, having the specific gravity of .730, or> 
according to Lovitz, even of .632. 

. 2. It has been observed by Girard, that ether escapes through 
a capillary tube with much greater velocity than water or alcohol, 
die rellttive times, for equal quantities of each fluid, being 101 
seconds for ether, 349 for water, and 856 for alcohol. The compa- 
rative heights, to which these three fluids rose in the same capil- 
lary tube, were found to be nearly 6 for ether, 9 for alcohol, and 
13 for watcr.t 

3/ Ether does not, like alcohol, combine with water; and when 
the two fluids are shaken together, they separate again on stand- 
ing. Water, however, retains about one tenth its weight of 
ether. By repeati»d agitation with water, ether is brought to a 
high degree of purity, and acquires the property of dissolving 
caoutchouc. 

The process^ as performed in presence of Faujas de St. Fond, 
Mr. Winch of London^ is described by the former as follows: Let * 
a pint of good sulphuric ether be put into a bottle (or, in prefer- 
ence, into the separator, plate i. fig. 3,) along with two pints of 
water; agitate the two liquids repeatedly together; then let them 
stand till the ethet has risen to the suHace; and draw oflTthe water 
through the l0wer cock d, leaving tho ether in the vessel. Repeat -> 
this process three or four times, or tUl scarcely one third of the 
ether remains; and decant the residue into a well-stopped phial. 
In this ether the'elasUc gum> cut into thin slips, soon begins to 
sweii; but its action is slow; and about the end of five days, the s6"< 
lution is completed: The method of forming tubes, 8cc. with this 
solution, is described in the Qrst volume of Faujas de St Fond*s 
Travels in England, chap. i. 

4, Ether is extremely volatile. A few drops, poured on the hand^ 
fvaporate instantly; and produce a sens^ of great cold. By pouring 
a small stream of ether, from a capillary tube, on a thermometer 
bulb filled with water, the water is frozen, even in a warm summer 
atmosphere. Under the pressure of the atmosphere, it boils at 98^ 
Fahrenheit, and in vacuo considerably below 32*» Two ounce 
measures, when converted into gas at the temperature of 72|^ ] 

Fahrenheit, fill the space of a cubic foot4 According to Gay \ 

Lussac, ether^ of specific gravity 0.7365 at temperature 50^ Fah- 
renheit^ produces a, gas, t^ density of which is to that of air as 
2.35 to 1. 
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^ Ann. de Chim. kdx. 45. See ako Thenard on ibe Action of Tegttable j 

Acids iOt Alcohol, Mero« d'Arcneil, ii, 5, or 37 Phil. Mag. lid. 

f 6 Aoo* de Chim. et Phys. 239. | SavMnre, juB. 
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5. A mixture of sulphuric and tnuriatic ethcfs evaporates instan- 
taneously^ and produces a degree of cold considerably below oi 
Fahrenheit. 

6> Ether assumes a solid form, by reducing its temperature to 
— 46** Fahrenheit. 

T, Ether is converted into a gas, eitjier by raising its tempera- 
ture, or diminishing the pressure of the atmosphere oh its surface. 
The experiments proving this have already been described, chap, 
iii. sect. 4. 

8. Ether does not dissolve the fixed alkalies, but it combines 
with ammonia. 

9. It dissolves essential oils and resins, and takes up about a 
twentieth of its weight of sulphur, which is deposited as the sul- 
phur volatilizes. Ether dissolves, ajso,, a small portitxn of phospho- 
rus, and the solution, when pouf ed on the surface of warm water 
in the dark, emits, a lambent blue flame. ■ 

10- It is highly inflammable. This is best shown by passing a 
few drops into a receiver furnished with a brass cap and c6ck, to 
which a small pipe is screwed, aiid inverted in water of the tem- 
perature of lOO**. The receiver will' be filled with jtfie gas of ether, 
which may be expelled through the pipe and set on Are. It bums 
with a beautiful deep blue flame. 

1 1. When ether is previously mixed with oxygen gasi it deto- 
nates loudly. Into a strong two-ounce phial, filled with oxygen gasj 
and wrapped round with a cloth, let fall a4*op^ of ether. OA ap- 
plyitig the flame of a candle, a violent detonation will ensue. Or 
to a portion of oxygen gas, contained in the detonating tube, fig. 
28, pass up a drop or two of ether. The volume of the ga6 will be 
doubled; and, on transmitting an electric spark, a violent detona- 
tion will ensue, which will proba^^ shatter the tube. In an experi- 
ment of Mr. Cruickshank, th^ee nieasures of oxygen and one of 
btherial gas detonated most violently, and two and one third mea- 
sures of carbonic acid gas were produced. 

The following experiment, evincing th^ inflammability of ether, 
is described by Mr. Cruickshank, in Nicholson's Journal, 4to. v. 
205: 

Fill a bottle of the capacity of three or four pints, with pure 
oxymuriatic acid gas, taking care to expel the water as completely 
as possible. Then throw into it about a drachm or a drachm and a 
half of good ether, covering its mouth immediately with a piece of 
light wood or paper. In a few seconds white vapour will be seen 
moving circularly in the bottle, and this will soon be followed by 
an explosion, accompanied with flame. At the sanae time a con- 
siderable quantity of carbon will be deposited, and the bottle will 
be. found to contain carbonic acid gas. s 

The same eflect is produced, but more slowly, by alcohol; and, 
along with the carbonic acid and' carbon, a tittle ether is produced. 

12. Sulphuric ether was first observed by M. Planche to under- 
go a spontaneous change when kept in a vessel &ot entirely fuIV 
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and frequetltij dpened^nd et]^osed to the tight*' BftMs e^poftortt 
ether becomes aicid' in cofnaequence of the production of vinegar^ 
and loses somewhat of it6 sweet odour and it& volatility.* This ob- 
servation has been confirmed by Gay Lussac^f who found that ether^ 
virhich had been very attentively purified, so that its boiling point 
4id not exceed 96* Fahrenheit, nor its density 0.7119, and which 
had no a,ction on turnsole, acquired this last property by keepingi 
and at the ss^ine time became specifically heavier and less volatile. 
Whe» a part of the ether thus altered' was distilled off, the residue 
evidently^ contained both acetic and sulphuric ether, and a peculiar 
kind of oilj^hich Gay Lussac thinks it probable exists in all ether, 
nince that fluM, even when recently and ^skilfully prepared, leaves 
an evident4^ot an the glass on which a few drops are put to eva« 
t>orate. 

13. Daring his inve^igations on flam^, Sir H. Davy disco- 
vered that when a piece of fine platinum wire is heated and 
placed over the surface of ether in kn open gl^d^, a pale lam* 
bent flame plays around it, the wife becoming red, and even 
white hot, and frequehtly infiaming the ether. At th6 same time^ 
peculiarly pungent fumes arise, the productioii of which takes 
place kt all temperatures, from a heat rather above the boiling 
point of mercury, until the ether iis inflamed. These vapours are* 
extremely acrid arid pungent ; they resemble chlorine in smell; 
and aflect the eyes in a manner similar to the compound bf chlo- 
rine and nitrogen. Th^ir ^nature has been exiamined by Mr. Fara^ 
dliy^; but under ^reat disadvantages from the smallness of the 
qaamity in which they are produced. By passing considerable 
quantities of a mixture of atmospheric aii' and ether through a 
heated glass tube, containing platinum in wire and leaf, he obtain- 
ed a ck^r and colourless liquor', of a felightly acid taste and strong 
irritadng smelh It reddened litmus paper, as did, also, its va- 
pour. When heated it wa6 quickly dissipated, leaving on the 
capsule a slight coally mark. It united to ammonia, and formed 
a ni^tral salt, w'hich, by careful evaporation, might be obtained 
solid, but was volatile, even ^ tejfiaperatures below boiling water, 
pr6ducing a peculiar fetid smell; It united with potash, and form- 
ed a salt, from "which the ^cid was expelled by heat alone. The 
^id solution expelled carbonic acid, from all the alkaline carbo* 
nates; and salts were obtained, from whichTthe a^id was'again ex- 
pdledby all the stronger acidsl- Oxygen,. hydrogen,* and charcoal 
(the la$t apparently* in very great proportion) are the elements of 
which this tiew acid is composed; but Mr. Faraday could not ob- 
tsdn enough to determine their proportion. 

14. According -to Mr. Cruick8hank,.the prbportion of carbon 
to hydrogen' is in $lcohol as eighVor hinie to one, and in ether as 
five to one.§.s M. Saussare, however^ has lately submitted ether to 
a^aly^s,witli^. somewhat diflerent results. By following the same 

' :i|)jourda|of Science, iii. 77. ' \ Nichbisoa'^s Journal, 4to. v; 205, n.- 
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pn>ce9se&.a8 those #Wch haTe been alrea#)r deseiibed,. and, ako, 
by the rapid combustion of ether with oxygen gas, be found that 
100 parts of sulphuric «thcr, of specific gravity 0.ri55 at 68* 
Fahrenheit, contain . 



Carbon • . 
Oxygen . • 
Hydrogen . 



\ 

n 



'67.98 
ir.62 
14.40 

Will" .w I Mi m 

100. 



The excess of hydrogen, above what is necessary tojbrm %vater 
with 17.62 parts of oxygen, is 13.07 parts, which, wh Wadded to 
die carbon (12.07 x 67.98) give 80.05 for the qlefiant gas in 100 
parts of ether. The remainder 19.95 parts arc water- Ether, 
therefore, is constituted of 5 atoms of olefiant gas, and I atom of 
water; or of 6 atoms of hydrogen, 5 of charcoal, and 1 of oxygen. 

To understand the conversion of alcohol into olefiant gas or 
ether,, it is necessary to compare the^ proportion of their elements. 

Alcohol consists of 100 parts of olefiant gab + 50 water. 

Ether 100 parts ditto-: -f< 25' water. 

"^ ' ■ / - 

If then, %Q alcohol, we add a proportion of stilpiiuric acid suffi* 
ci^nt to take away the whole of the water, we obtain only olefiant 
gas. ' But if we use no more sulphuric acid, than is sufificient to 
abstit^ct half the water contained in alcohol, we then obtain ether. 
It must not, hdwever, be supposed that, in practice, we are ever 
able to effect these conversion^ without loss; for a certain propor- 
tion of the alcohol is decomposed, by the too energetic action oC 
the acid, into its ultimate elements, especially towards the close of 
the process; and beside ether or olefiant gas (whichever it may be 
our object, to prepare) we obtain sulphurous and carbonic acids, 
and a charry residue. It is nevertheless true that the sulphuric 
acid is efficient in the formation of ether, merely by abstitxtiag 
water; and that nothing, by this process, is ■ transferred from the \ 
acid to the alcohol; for if it be stopped in time, the whole of tb& 
apid may be recovered. 

The complete accuracy of the results obtained by Saussure 
has been called in question by Gay Liissac,* chiefly on theorcd*- 
cal grounds. Reducing these results from weights, to volumes. 
Gay Lussac finds that ether, according to Saassure, should con^ 
sist of 



Olefiant gas . 
Aqueous vapour. 



10^.49 volumes 
40, 



^ Ana. de Chim. xqv. 
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But the densitj of tlie vaj^oar of ether was fotund )>y experhneat 

to be 2.581, and supposing it to be constituted of 3 volumes of 
olefiant gas and '1 volume of aqueous vapour, and the condensa- 
tion of these to be two-thirds, its density should be 2.586^ aa 
agreement so near that the hypothetical view is probably the true 
oa£. E^er,,then, will be constituted of 

w^'r. : : : : :: t^]^y-^^^^ 

or 
Olefiant gas •••'..••..• 2 volumes 
Aqueous vapfour • 1 volume 

And since alcohol condists of 

OleBant gas ...•....,. 2 volumer 
Aqueous vapour . . . • . • . • .• 2 volumes 



s 



it follows that to change alcohol into ether, aH that is necessary 
is to take away one volume of water, or, by weight, half the wa* 
ter which ^cohol contains. Therefore 131.95 parts by weight of 
alcohol, if the conversion eouM be made without loss, should give 
115.975 parts of ether; a proportion which^ as has adready beeo 
stated, can never be obtained in practice. 



SECTION IV. 
AtetGUB and Acetic Acids. 

9 

TliESB two names were applied, by the framers of the new 
ehemical nomenclature, to denpte what were supposed to be two 
distinct adkls, comnnon vii^egar purified by distillation being term- 
ed the Hcetou9^ and the highly concentrated acid, Formerly caHed 
radical vinegar, being denominated acetic. To acccfunt for the su* 
perior strength of the latter, it was supposed to hold in combina* 
tion a larger proportion of oxygen derived from the metallic 
oxide, from which acetous s^cid is generally distilled^ when con^ 
Verted into acetic* The experiments of Adet were the first that 
threw doubt upon this concluMOn; and though they appeared to 
be coDtr«dicted by the subsequent ones of Chaptal and Dabit, yet 
they received the fullest confirmation from the researches of Qar* 
racq« The last mentioned ehemist succeeded in converting dis* 
Ulled into radical vmegar, under circumstances where no farther 
oxygenat&>n could possibly be effected, viz. by repeated distillation 
from dry muriate of lime; which can only act by abstracting 
water. Both tenns^ however* may be rctamed for the sake of 
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substances. Towards the close of the calcination, 
e issues, this apertore must be closed, and the 
If an hour. To a wine quart of cold vinegar, an 
charcoal, finely powdered, is to lie added^ 
. In 34 hours, the vinegar begins to lose 
or foiir days, is entirely deprived of it. It 
)Ugh paper, and it will be found (if thd 
(pared) to retain its acidity", without hav- 
^^Itet flavour. By reducing the quantity 
%e change is still effected, but more 
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\alies, eaiths, and metallic oxides. 

\ this acid, is evaporated to dry- 

colour. On beihg re-dis8<Hved, 

he^salt is obtained white, andy 

^ds the acetate of potash. 

^ from the air, and is very 

!* pretty strong heat it is de- 

i hydrogen gases come 

fixture of carbon with 



Or 



^/Veight of sulphuric 

.u a very concentrated fbrm^ 

digestion with a small portion of 

» distillation, affords it pure. It may 

.xdtilling equal parts Of acetate of lead and 



. wtallized acetate of copper, contained in a glass retort^ 
- may be nearly filled with the salt, may be submitted to dis- 
.AiAtlon in a sand-heat. The acid that comes' over has a green co- 
lour, and requires to be rectified by a second distillation. Its 
specific gravity then Varies ifrom 1056 to 1080. If the products be 
reserved in separate portions, it has been observed by MM. De- 
rosn^* that those which are obtained towards the close, though ' 
specifically lighter than the earlier ones, are istill more powerfully 
acid, assuming, as the test of their strength, the quantity of alkali 
which they are capable of saturating The last products, it was 
found also, wh«n submitted to distillation, yield a liquid which 
has even less specific gravity than water. This liquid may be ob- 
|axned, in a still more perfect state, by saturating the latter por- 
tions of acetic acid with caustic and solid potash; the acetate of 
potash precipitates; and a fluid swims above it, which may be 
rectified by distillation at a gentle heat. It is f^erfcctly limpid; 
*J^* ^.P^J^^^rating taste; is lighter than alcohol; evaporates rapidly 
with the production of cold when poured upon the hand; and is 
|u&nly inflammable.^ It does not redden litmus. Excepting that 
18 miscible, in any proportion, with water, it has all the quali- 

"^ Annales de Chimie, ixiii. 967. 
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ties of ether, and like that fiaid has the power of decomposing the 
mtro-muriate of gold. MM. Derosne have proposed for it the 
name of fiyro^acetic ether. Its production, they observe, is con- 
fined to the latter stages in the distillation of acetate of copper, 
and is owing, they suppose, not to any modification of alcohol, hut 
to changes in the arrangement of the elements of the salt. 

These observations are confirmed by the subsequent ones of M. 
Mollerat.* Examining two portions of acetic acid, which had pre- 
cisely the same specific gravity, (viz, 10&.3,) he found that the one 
contained &T /i<?r cervt, of real icid, and the other .onl|r 41. The 
iirst he is disposed to consider as the st^hgest acetic acid that cran 
-^be procured. It may he distilled' at a very moderate heat with 
'great rapidityt and without entering into ebnllkion. To this acid, 
having the specific gravity 1063 (and of which 100 gp^ns required 
fdir saturation 350 of sab-carbonate of soda,) he gradually added 
i^ater, and found, though water is lighter than the acid, yet that 
the density of the mixture increased till it became 10^9. From 
this point, the additions of water occasioned a regular dimiitntioD 
of specific 'gravity. M« Chenevix has sinpe observed the same aiio« 
aaaly, in the acid produced from acetate of silver. - . 

Acetic acid, thus prepared, has several remarkable properties. 
Ijts smell is extremely pungent^ and it raises a blister when applied 
to the skin for a sufitcient length of time. When heated in a silver 
;Kpoon over a lam]>) its vapour 'may be set on fire. At the tempera- 
ture of abo«it 38^ Fahrenheit it becomes solid and shoots into beau- 
tiful crystals, which again liquify at 40^. It appears not to be easily 
destructible by heat; for Mr. Chenevix transmitted it . five times 
through a red hot porcelain tube^ with the effect of only a partial 
decompoution* 

Gay Lussae andThenard, and Berzelius, have recently analyzed 
acetic acid; the two first by the combustion of acetate of barytes, 
of known composition, with hyper-oxymuriate of potash. Their 
results are as foUow; One htiadred g^rains of acetic acid consist of 



According to Gay Lussac 
' .. — ■?■ ' -^ Berzelius . 



CarboA. 
^0.324 
4d.8 • 



Ozyg^BL 
44.147 
46.^ . 



5.639 
6. 






The proportions obtained by Gay Lussac and Thenard may be 

stated also as follows: 



Carbon. . • 50.224 

Oxygen and hydrogen in the *ame7^Q,. 

proportions as in wat^r , . . .J 
Excess of oxygen • . ... • ; • Sf.865 



100. 
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^ Aanales je Chittie, Ixrm 88» or Nicbotww'i Jpomal, xxr. 1^$*> 
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* • * 

The acetic acid liters, like vinegar^ into ccHnAiuttlon with alka- 
lies, eart^, and metallic .oxides. 

The ACETATE OF POTASH, formed with this acid, is perfectly- 
white; and does no^t, when liquefied by heat, become blackei^ed by 
the separation of charcoal, like that afforded by common vinegar* 
It is deliquescent, and soluble in about its own' weight of ^d wa- 
ter; and in twice its weight of boiling alcohol. By distillation per 
«e, i^s acid is decomposed and resolved into pyro-acetic ether, car* 
bonic acid, and carbureted hydrogen gases. 

Acetate of soda Is crystallizable; does not deliquesce in the air: 
dissolves in less than its owu weight of cold watejr, or in. twice itis 
weight of boiling alcohol> and gives, by destructive distillation, 
similar products to the acetate of potash. Berzelius found it to 
Cfonsist of 

i • •* * 

* T 

Acetic acid^.. ...... 36*95 , 

Soda ■* . s]r* f • • • • • 22.94 
Water '.,...... 40.1J 



100. 

■ " 

©i* exclusively of watei? 

Acid ...... 61.689 . • . 100 

, Soda ...... S8.311 . . • 61.1 



100. 

Aoetate of ammonia derives its only importance from having 
been long employed in a liquid form in medicine, under the name 
of Spirit of Mindereru9. The solution does not yield crystals by 
evaporation, but affords a deliquescent mass, which is readily solu- 
ble in water and in alcohol; and, in its solid form, is volatilized at 
250** Fahrenheit 

AcETi^TE OF LIME may be made, by careful evaporation, to crysr 
tallize in the form pf small silky needles. It is permanent in the 
air, and very soluble both in water and alcohol. According to Ber- 
zelius, it is composed of* 

Acid 64.218 . . * 100. 

Lime 35.782 ... 55.74 



100. 

* • m '■ 

AcETAtlB OF BAEYTEs is a crystallizablc salt, which does no^ 
grow inoist, but rather loses a portion of its water, by exposure to 
the ait*. It requires for solution about twelve parts of cola, and not 
quite two parts of boiling water. Alcohol dissolves only a very 
tnnall proportion^ . By disfeillatioa /ier ae, Mr. (^h^&evidL fiji4s tbfiL 
Voz.. II— P f 
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it gives purfe pyfb-Scetlc ether, of the spefcific gravity, 01845, co- 
loured by a little empyreumatic oil. Grtif Lussac and iTheti^rM 
State its cOtnJJtikltion to be ' ^ 

Acid ....:.... 43.17 
♦ hAi'c ,...♦>... 56.83 



\0'0. 

AbfefXTfc fir sriibNtiVEs is tnore feoluble than the last mentioned 
ticetate, rfequlHilg ohly kbout tt^ice it's weight of cold water for so- 
lution, its properties have hot been ftiJly investigated. 

Aotef Atfc 6* MA6K£siA cannot be obtained in crystals, but only ih 
the state of a thick viscid mass, which is extremely deliquescent, 
and soluble both in water and alcohol, r 

Acetate of alumiVe is generally fdrttied, by doXible decompo- 
sition, from the mixed solutions of dcetat^ of lead or lime and sul- 
phate of alumlne. It is a compdurid 6f considerable importance 
from its use in dyeing and calico-printing. When applied^ how- 
ever, to these purposes, it contains always a quantity of common 
alum, and the properties of the pure cqpibination of alumine witli 
acetous acid are but imperfectly knowrf. Gay Lussac,* however, 
has found that it has the remarkable quality of being decomposed 
by heat and of depositing alumine, which it re'-di&solves on cooling. 
The effect takes place, even in vessels hertnelically sealed, and 
when the solution has an excess of acid* It appears to bear some 
analogy to the coagulation of animal albumen. 

The METALLIC ACETATES havc bccu, for the most part, already 
described in the history of the individual metals. To our know- 
ledge of this dass of salts, some valuable additions have been inade 
by Mr. Chenevix.t By distilling fier ac tlie different metallic ace- 
tates, 'that excellent chemist found that the salts with bases of lead, 
TEinc, and manganese, yield a liquid lighter considerably than water, 
but heavier than alcohol, and containing only a very small propor- 
"fibn of acid. This degree of levity is owing to the presence ofthc 
peculiar fluid, which Derosne has termed pyro-acetic ether, but to 
which Mr. Chefievix is of opinion^ the lj?ss definite name ot fiyro- 
acetic sfiirit will be better adapted, till we obtain a hiore acciiratb 
knowledge of its nature and properties. 

Of all the metallic acetsites, that of silver g?iVe 'a product of the 
greatest ^leciiic gravity, and 6f gredtesft pbwfcr in neutralizing alka- 
lies. In this respect, it exceeded,'by about one fifth, an equal weight 
of the acid distilled from coppier. It contained, however, none of 
the pyro-acetic spirit discovered in the acid from copper. The 
tesiduum in the retort containe3, \n ^v^ety casfe, a plfdpoAJbn of 

cli^xoal. When tfre acetates of silV^, nickel, copper, 6'rle^d, Vert 

• 

^'74 Anfn. de (Aim. $3; atod 6 Ann. J-e'Ch^. eti^hys. ^01. 
t4ri&4e.^%ird. rcil.Ik&vor mc^^oaVd'dinln^ voLidEvl. 



distilled, the metal was fovin^ii) a metaUic sl^atesf biit zinc i^nd man-, 
ganiese were lefi in the st^te of oxides. 

The pyro-acetic spirit, obtained from the ac^tat^^ qf lead, Mr# 
Chenevlx describes as perfectly limpid SM^d colourless. It has a 
iaste, which at first is sharp and burning, but afterwards become^ 
cQoi ana somewhat resinous. Its smell resembles that of volatile- 
oils, but it is not easy to say of which particular one. Its ^pecifw^ 
gravity, when rectified by muriate of lime, is 6.864. It is very com- 
bustible, atid leaves no sensible residue. Its boiling point is 138? 
Fahrenheit. It is miscible in all proporti^a, with Water, \irith a^co-; 
hoi, and with ?ili thp volatile oils, and, at a temperatu^'e considers^- , 
i?ly below its boiling point, with the fi^d oils. When beate^ it 
^i^solv^s ^ulphuf and wax. * 
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CHAPTER XXlt 

ANIMAl. SOB&TANOBS; , 

The products of vegetable and of animal life, though they agree 
in many of their external characters, and even in some of their 
chemical relations, present several circumstances of distinction, 
which, in general, sufhciently discriminate the two classes. Ani'* 
xnal substances are the results of still more delicate processes, and 
of a more refined organization; and the balance of afiinities, by 
•which they exist, is disturbed by^ stilt slighter causes. To the 
three great components of vegetable matter (oxygen, hydrogen, 
and carbon) a fourth is, in animal substances, added, and consti'> 
tutep a large proportion of their structure. To the nitrogen, 
which they contain, are owing some of the most important quali- 
ties that distinguish this class of compounds. Hence it is, that rn« 
stea{i of passing through the vinous or acetous fermentations, thejr 
ire peculiarly prone to undergo putrefaction; and that, during this 
change, they yield;, among other products, both nitrogen gas and 
tmmonia. When exposed to a high temperature, ammonia is, 
also, generated, in gr^eat abundance, by their decomposition; little 
or no acetic acid is produced; and the coal, which remains, dif- 
feiTft from vegetable charcoal, in being much less combustible. 
Tiii<> general description, however, though it applies to most indi- 
viduals of the animal kingdom, is not stfictly true with respect to 
all. Animal jell^,* for example, is rendered sour by spontaneous 
decomposition. A few vegetable substances, it may also be added, 
^uten lor instance, become at once puti4d; and fUmish amniohia 
when ifecomposed by heat. ' • ' 

(n ^he analysis of aniiftal substances, less precii^ion had tlU 
lately been attained, than in that of mineral tod vegetable pro- 
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ducts. It 6iay be considered as of two different kinds. By the 
first we obtain the firoximate principles 6f animal matter, or cer- 
tain compounds which v^e may presume, are separated by the 
simple processes used for their extraction, in a state identical 
with that, in which they exist in the animal' structure. Thus by 
the long continuefd action of hot water on bones, we form a solu- 
tion, which separates spontaneously into two distinct substances, 
fat and gelatine; while the earthy ingredients remain utidissolved. 
The substances, thus obtained, are hot very numerous; and to dis- 
tinguish them from more complicated products they may be zM- 
^dfirimary animai comfiounds. But, by spontaneous decomposi- 
tion, or by the agency of heat, we give origin to a set of bodies 
which had no existence in the subject of experiment, the ultimate 
elements of which are thus- disunited, and are re-combined in a 
new manner. Bones, for example, though they contain no vola- 
tile alkali, are yet composed, in part, of its elements (nitrogen 
and hydrogen,) which, at a high temperature, unite and generate 
ammonia. 

The method of analysis, so successfully applied, by Qay Lussac 
and Thenard^ to the products of the vegetable kingdoni, has been 
extended, alsb, to animal substances^* and, in the history of each, 
the proportion of its ultimate elements will be stated, chiefly on 
tJieir authority, or on that of Berard or Prout. Animal sub- 
stances, they observe, contain much more carbon than those de- 
rived from the vegetable world; in all of them, the hydrogen is in 
excess .with relation to their oxygen; and lastly, the greater this 
excess, the more azote they contain.^ It is remarkable, moreover^ 
that this azote, and the excess of hydrogen, are very nearly in the 
piioportions re(|uired to constitute ammonia. 

Animal matters, then, such as fibrin, albumen, gelatine, &c. are 
composed of charcoal; of hydrogen and oxygen j in the proportions 
required to form water; and of hydrogen and azote, in the pro- 
portions necessary to constitute ammonia. They hold, therefore^ 
among animal matters* the same rank that sugar, gum, lignin, &c. 
possess among^ vegetable substancjes. The animal acids, again, 
consist, probably, of carbon, oxygen, hydrogen, and azote, in such 
proportions, that the oxygen and azote are in, excess relatively to 
the hydrogen. And the animal oils, on the other hand, will in «U 
probjibiUty be shown to comain more hydrogen, tlian is sufficient 
to convert their oxygen into water, and their azqte into ammonia. 
Thus animal sub^tances will be divided, like vegetable ones, into 
three great classes, relatively to the quantities of hydrogen^ oxy-^ 
gen, and azote, which they contain. 

The primary animal compounds are.npt very numerous; the 

♦Add. de China, xcvi. 63^. and Berard^ Ann, d^ Chinh et Pbys» v. 290, 
where the process is ful^y described. See alsq Mr, Porrett's reinarjK>, PhiL 
Jrans. 1816, p, 226; and Dr. Prout's is the Medicp-Chirui^. Trans, vilib 
ft30. ■ . ■ ■ ■ " '-• • 
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following list comprehending^'perhaps, the whole of those whjich 
are sufficiently well characterized. 



1. Gelatine. 
^ 2. Albumen. 
3. Mucus. 
• 4. Fibrin. 
5. Urea.' 



6. Resin. 

7. Sugar. 

8. Oil. 

9. Acidfe. 



SECTION I. 

Animai Jelly ^ or Gelatine. 

Animal jelly is an abundant ingredient, not only of the fluids of 
the body, but of the hard and solid parts. Berzelius, indeed, in 
his View of Animal Chemistry, p. 50y considers gelatine as ^^fttQ" 
duct of the operation of boiling; and denies its existence in any one 
fluid of the body. This opinion, however, requires further evi- 
dence in its favour. By long continued boiling it may be extracted 
from the skin, membranes, ligaments, cartilages, and even from 
the bones. The solution, on cooling, forms a tremulent and im- 
perfectly cohering mass, vvrell known by the name of jelly; and, if 
the watery part of this mass be dissipated by a very gentle heat, 
we obtain a hard semi-transparent substance, which breaks with a 
glassy fracture, and, accordmg to the source from which it has 
been obtained, has the names of isinglass, glue, portable soup, &c.; 
all of which are varieties of animal gelatine. M. D'Arcet pre- 
pares gelatine from bones, not by boiling, but by dissolving out 
the earthy matter by means of diluted muriatic acid. The gela- 
tine remains in a solid state, preserving the form of the bone. To 
purify it froni small remains of acid and fat, it is plunged for an 
instant into boiling water, then exposed to a current of cold water, 
and quickly dried, in which state it is unalterable by keeping.* 
Isinglass, however, as the purest form under which gelatine com-* 
monly occurs, will be best employed for the exhibition of its che- 
mical properties. 

1. Dry gelatine, when imipersed in water, gradually absorbs it, 
swells considerably, and becomes soft and elastic. At common 
temperatures, however, it 'is hot dissolved; all that is thus effected 
being the absorption oi a' qukntijV bf water, which it loses again by 
a gentle heat. But in hot 'witfe'i^ it diiSsolves slowly, yet completely; 
and affords a' liquid T^hich again '^gelatlnates on cooling. These 
alternate solutions ahd de^icciatidps may be repeated for any num- 
ber of times, withotit occasioning^ any change in the chemical pro- 
perties of the gelatine whglch is submitted to them. 

♦Phil.Maff.xlvi. 17. 
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The prpporUQP) in which gelntine foi*tn» a solution capable oT 
concreting by cooling, has been determined by Or. Bostqck.* 
One part of dry gelatine to 100 parts of water gave a solution, that 
completely stiffened by cooling; but one part O^f gelsLtine to 15a 
parts of water produced a compound^ whbcb) though evidently 
gelatinous, did not assume the concrete form*- 

2. Ge)atiu0 is. a ^o4id state seems to be absolutely indestructible 
when kept in a dry pl^ce; but, when in the fotm of solution or of 
jelly, it is generally said to become first sour, and afterwards pu- 
trid. The production of acid, however, Dr. Boatock informs mc; 
he is disposed to question. 

,3. Gelatine is insoluble in afcohol, but it is not precipitated, by 
that fluid, from its watery solution. 

4. It readily dissolves in most of the acids* Isinglass, dissolved 
in cominon vinegar by the assistance of a gentle heat, forms a 
veiy useful and^ adhesive cement. Nitric ?icid, even when cold 
and very dilute, is a powerful solvent of gelatine* When the solu- 
tion is evaporated, the acid and gelatine re-£^ct upon each other; 
nitrous gas is disengaged; and, if the concentrations be not carried 
too far, oxalic and malic acids are: obtained from the residuum* 
Muriatic acid dissolves gelatine, and retains it unchanged in solu- 
tion. If oxy muriatic acid' be passed through a solution of gela- 
tine, white filamentjs appear, which, whei^ collected, are found to 
be very flexible and elastic. They consist of gelatine^ very little 
altered, and united with muriatic ac^d and oxyijauri^tic acid. They 
are insipid; insoluble in water and in alcohol; not putrescible; and 
exert a feeble action on blue vegetable colour's, although they con- 
tain a large proportion of acid. Exposed to the air during some 
days, they emit oxymuriatic acid at comrnon temperatures; and 
still more abundantly when Jieated. In alkaline solutions they 
disappear, and muriatic salts are formed. t 

5. Gelatine is soluble in pure liquid alkalies. The solution is 
a brownish viscid substance, which has none of the characters of 
soap,t and is not precipitated by acids. This is a property which 
distinguishes gelatine from albumen, fibrin, and other animal pro- 
ducts; and which points put a method of separating, it from them 
in analysis. Owing to the solvent power of alkalies,~they. do not 
occasion any precipitation in acid solutions of gelatine; but when 
added in excess, dissolve it. . 

6. Several of the metallic salt^ a?yl» ai^ide^ have the prppe^y of 
precipitating gelatine; but not >o uiif (juivocaUy, as to be goo4 
tests of its presence. GouJard'3 ex^jtct pjT le^4 (p^fPi^red by boil^ 
ing litharge in distilled yi^ig^v) ^%cf5,nj9 ;9h^gjB.in a ^plutiop of 
gelatine. The same m^y b/s,|5aid jgf.corr^si>re ipjuri^jte of mercury. 
Kitrate of isilv/er and nitro-mwriut^-of 'tip p.rpd}icj^ a'slight, and al- 
iBiost imperceptible^ qpftcjty.'. The'^ddij[,i<^n ,5^^ o{ 

■ . ' ft 
* Nicholson's Journal, xi. and xiv. \ Thenard, M^moiTes d'Arcueil, iL 
t Hatchett, Pbilosophical Xransactio^s, IjBOO. 
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^old causes 'a shialV quantity of a dens6 precipitate, from a solu- 
tion coiltaining one 50th of gelatitie, but not from more diiutte 
solutions. 

7. One of the most active precipitants of jelly is tan; and Dr. 
Bostock finds the extract of rhatania, digested in hot water^ and 
filtered after it becomes cold, to be a convenient form for keeping 
that test. When the proportion of gelatine to water is so small» 
as to gompose only one 5000th part of the solution, a considerabie < 
precipitate is produced hy an infusion of galls 4prepared by mace- 
ration dn oiince of galls in a pint of water.) The stronger the so- 
llati'on of jell^, th'fe more copious is the precipitate; till at length, 
"when the gelatine is in larg^ proportion, a dense coaguium is form- 
ed, which, after oeing dried in the open air, becomes a hard sub- 
istance with a vitcfsous fraifcturfe. This compound appears to bfe 
equally formed, wheiiahimal solids, composed chiefly of gelatine, 
kf e immersed In sol\itlons of tan; as when the skins of animals, for 
llistahce, are steeped in an infusion of oak bark. It is perfectly* 
insoluble in w^ter, dnd incapaUe of puttifying; and it constitutes 
the preservative pak of tanned leather, to viiiich it imparts the 
proparly of resisting the transinissiian of moisture. The operatioh' 
X>it tanning, then, consists essentially in the attraction of tan, from 
liquors which contain it, by the gelatine of the skins. 

it would have befen an important step towards the accuracy of 
the analysis animal substances, if We could have ascertained the 
quantity of gelatine itiajiy fluid, by precipitating it with tan. Bui 
\o this thet»e are two obstacles. Tdn acts, also, on other animal 
duids; upoh albumefii for instance. It appears also, that into the 
precipitate of tan and jelly, these substances do not enter in abso- 
lutely fixed proportions. In general, however. Dr. Bostock haSf 
been led to conclude that the compound, formed by the unioo of 
jelly and tan,' consists of somewhat less than two parts of tail t6 
three of gelaftine. Ahd as we always have it in our power to as- . 
certain what quantity of tan is employed in precipitating any so- 
lution of jelly, we may, by ah easy calculation, approximate the 
quantity of jelly, contained in the fluid we are examining^ 

^. Gelatine has been analysed by Guy Lussac and Thenard, who 
employed the chlorate of potash for its decomposition. One hun- 
"<4red parts wer^ found to contain 

Carbon * .^ 47.681 

Oxygen ....... 27.207 

Hydrogen ...... 7,914 

Azote 16.998 



fOd. 

In this analysis, tliere are 4.204 parts of "hydrogen, beside 
what, is sufficient to saturate the oxygen. 

We are not acquainted with those circumstances, that occasion 
the differences in the several kinds of animal gelatine. Some 
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valuable remarks on them may be found in Mr. Hatchett's *' Ob- 
' servations on the component Parts of Animal Membrane.*" 



SECTION 11. 



Albumen, 



With the exception of gelatine, no fluid appears to enter so 
largely into the composition of animal substances, as albumen. It 
forms a large proportion of the blood, and of various secretions; 
and appears to be the chief basis of several of the solids; viz, of the 
thin membrane which constitutes the ciellular texture, as well as 
of the skin, glands, and vessels that convey the fluids. 

The white of an e^gj though not composed of an absolutely 
pure albumen, contains it sufficiently so for the exhibition of its 
properties. These will be found to be the following: 

1. By agitation >yth water, the two fluids unite, and form a vis- 
cid liquid, the component parts of which do not separate by stand- 
ing. This solution gives a green tfnge to vegetable blue colours; 
a proof of the presence of uncombined alkali. v 

2. At the temperature of 160® Fahrenheit, undiluted albumen 
becomes solid, a change which is called its coagulation, Wh«i 
the solid mass is cut into slices, and suff*ered to remain for some 
hours, a few drops of a brownish viscid fluid ooze out, amount to 
4J grains from 100 of the original albumen submitted to experi- 
ment. By a long continued gentle heat, the coagulated substance 
itself loses at least four fifths of its weight; and the solid matter is 
left behind, in the form of a hard brittle transparent substance. 
Hence it w'41 follow, that 100 grains of the white of egg consist of 
80 grains of water, 4§ uncoagulable matter, and only 15§ of pure 
albumen. At a temperature below that required for its coagula- 
tion. Dr. Bostock finds that it may be dried, and redissolved in 
water.t 

Coagulation by heat is the distinguishing character of albumen, 
and affords an easy and obvious test of its presence; even when it 
forms a very minute proportion of certain fluids. By adding it, in 
gi'adually diminished quantity, to water. Dr. Bostock found that a 
solution, containing only one 1000th its weight of albumen, was 
rendered perceptibly opaque by a boiling temperature. For all 
practical purposes, therefore, this may be coni^dered as a suffi- 
ciently accurate test of its presence in any fluid. 

The uncoaguiated part of the white of ^^^^ Dr. Bostock ascer- 
tained, was not affected by muriate ©f mercury, or by infusion of g^lls; 
but Was copiously precipitated by Goulard's extract of lead. He 

^Philosophical Transactions, 1800. t Medico-Chir. Trans, ii. 199. 
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considers it as 9 pteculiar fluid to which he has given the name of 
mucu9. Dr. Marcet, who finds it to be an'ingredient of several 
morbid fluids^ has proposed to call it mucQ- extractive matter.^ 

Albumen, which has been coagulated by heat, though perfectly 
insoluble in water, unless hy long boiliaig aided by a Papin*s di** 
gesler, appears to have undergone no change in its chemical con- 
stitution. During coagulation, there is no absorption of oxygen; 
no gas is extricated; and htocc there appears to be no re-action of 
the principles of the compound on each other. The coagulum i^ 
taken up by dilute liquid alkalies with a disengagement of ammo- 
nlii. From this c<Anbination it is precipitated, unchanged, by 
acid8.t By long boiling in water, hbwever, though no apparent 
solution takes place, Mr. Brande obtained, firom coagulated alba- 
men, a fluid which had alkaline properties; and which gave, after 
evaporation, a viscid, substance, soluble in water. This fluid he 
apprehends to be a dilute solution of albumen in alkali-l 

' 3. Albumen is coagulated by alcohol, and by acids. The coagu* 
llim, formed by the latter, always retains in combination, according 
to Thenard, a portion of the acid which has been employed. That 
produced by nitric acid is least soluble; and hence nitric acid oc« 
casions a precipitate fronii solutions of albumen, which are sp di«> 
lute as not to be afl*ecl;ed by other acids. The coagulum, produced 
by acids, is re-dissolved by pure alkalies, even, as Thenard finds^ 
by ammonia, which does not dissolve albumen that Has been co- 
iigulated by heat. 

Alum, probably in consequence of its excess of acid, coag^ate* 
albumen; but does not act on very dilute solutions. One part ia 
500 of water is rendered slightly turbid by a solution of alum; but 
no precipitate is formed. 

4. Albumen is coagulated by several of the metallic salts. So* 
lution of corrosive muriate of mercury, which has no eflect on ge- 
latine or mucus, is a delicate test of the presence of albumen. A 
single drop of the solution, added to a liquor containing one iOOOth 
lis weight of albumen, renders it visibly milky; and, at the end of 
some hours, a fiocculent precipitate falls to the bottom of the ves'^ 
sel. The same re-agent produces a sensible efl*ect on a liquid^ 
containing only half that quantity, or one 3000th of albumen. 

Solution of corrosive sublimate, however, does not separate the 
whole 'of the albumen, unless heat 4s employed. The precipitate 
is a compound of the metallic salt with albumen, in the proportion 
of about one of the foimer to three, or four of the latter. From the 
quantity of corrosive sublimate, therefore required to decompose 
entirely a solotion of albumen, we may infer the quantity of the 
latter; for three grains of the meullic salt, being entirely de<lbm- 
posed, indicate 104 grains of albumen. 

Nttro-muriateof tin precipitates albumen, but less actively than. 

* Medioo*€hir. Trans, ii. 377. f TheHard, Ann. de -Chm. Ixvii. %n , 
tPhiloiopbical Transactions, 1809. - ' 
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the foregoinif salt Water, heUing one 500th of sdbutnen; was not 
altered by this test, till after some hours, when it became milky. 
Nitrate of silyer occasions a precipitates but the effect is equivo- 
cal, from its precipitating, ^so, the muriate of soda, Nitro-mu* 
riate of gold, throws down a dense precipitate from a solution con- 
taining one lOODth of albunaen. Goulard's extract occasions vst 
abundant dense coagulum. 

5. Solutions of albumen are decomposed by the addition of tas. 
When an infusion of galls, containing 2) parte of solid es^tract in 
100, is added to a liquor, of which albumen forms only one lOOOth 
part, no immediate effect is apparent; but, aft^ some time, a pre** 
cipitate ensues. If infusion of tan be poured into a concentrated 
solution of albumen, the precipitate has the consistence of pitch; 
is not susceptible of putrefaction; and, when dry, is brittle like 
over^tanned leather. The precipitate by tan from diluted albumen, 
Dr. Bostock observes, is incoherent, subsides very slowly, and can 
scarcely be separated by a filtre; whereas the precipitate from so- 
lution of^elly of the same strength is a hard densp substance, whic|i 
^almost immediately separates from the fluid, and may be collect^ 
in a distinct mass. 

6. Albumen, in whatever way it has been coagulslted, appears 
to be slow in undergoing putrefaction. Mr. Hatchett kept it for 
some weeksi under water, without any tendency to that state. Ac* 
cording to %cheele, a small portion of coagulated albumen is aolu* 
ble in dilute acids, and precipitable by the some acids when con- 
centrated. By steeping albumen, for a month in dilute nitric 
acid, Mr. Hatchett converted it into^a substance wMch was soluble 
in water, and affected chemical tests like gelatine. 

7. Albumen contains a portion of sulphur in intimate combina^* 
tion, which gives it the property of blackening silver. This effect 
is often observed to be produced by eggs on ^>oons of that metal; 
and bloody evaporated in silver vessels, stains tiiem with sulphuret 
of silver. 

Many theories have been formedof the cause of the coagulation 
of albumen; but the first probable conjecture on the subject ap- 
pears to hare originated with Dr. Thomson.* The fluidity of i- 
bumen he supposed to depend on the presence of alkalme mattsTi 
and its coagulation on the removal of the alkali, or its saturation 
with some other substance. This suggestion has-been confirmed 
bj some well devised experiments of Mr. Braiide.t When the 
white of an egg was exposed to the action of a galvanic battery, a 
rapidand abundant coagulation took place round the negative pole» 
while a thin film only collected at the positive wire. This niorc 
copious precipitation at the negative pole i^pears to have been 
owing to the separatign of alkali; and as it required, in order to 
^produce the effect, a cotmparativety high electric^ p091rer9.it shouU 
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fcUow that the rafiid abstaction of alkaH is necessary lo tiie pei^sct 
coagulation of albumen. 

White of egg, tbeu, is a compound of albumen with alkali and 
water. When heat is applied^ th& alkali is transferred to the water^ 
and the albumen-becomes insoluble. The alkaline liquor, which is 
thus produced^ re-acts upon and dissolves a small quantity of co;- 
agulated albumen. When alcohol or acids are the coagulating 
powers the effect is owing to a like transfer of alkali. 

When the uncoagulable part of white of egg was exposed to ft 
strong galvanic power, uncombined soda was found in the nega- 
tive cupi and muriatic acid with a little coagulated albumen in the 
positive one. Hence fluid albumen contains both free soda and 
muriate of soda. In the experiments of Mr. Hatcbett^ 500 grains 
of dry albumen^orded 74) of coal, of which 1 \i were saline mat* 
ter, composed, besides the salts that have been mentioned^ of phos- 
phate of lime and of phosphate and carbonate of soda. 

From the researches of Mr. Brande it appears that galvanism 
may be applied to the discovery of very minute quantities of albu" 
men^ which are not rendered sensible by any other test. In this 
way, he produced a rapid coagulation* at the negative pole, in se- 
veral animai fluids, in which albumcin had not been supposed to 
eidst. It has been ascertained, also, by Sir £. Home, that albumen 
is coagulated by galvanic arrangements of too low a power to af- 
fect even the most delicate electrometer; and hence he has pro- 
posed albumint^us fluids as tests of the presence of small quantities 
tf electricity.* 

Albumen was found by Gay Lussac and Thenard* to consist o£ 

Carbon • .^ 53.883 

Oxygen 23.873 

Hydrogen 7.^0 

Azote 15.705 



100. 



Beside, therefore, tjie hydrogen required tp saturate the oxygen^ 
there are 4.285 parts in excess* 



SECTION HI. 

MUCUB* 

TflUB Uxm mucus had been employed in a vague and general 
sense, imtii Mr. Hatchett, in his valuable paper on the component 
parts of animal membrane^* attempted to assign to it a more del- 

« FhOmophical Transactions, 1809. t PhiL Trans. 1 800. 
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nite meaning. Jelly and mucus he considers as modifications of 
the same substance, and as not essentially differing from each 
other. The latter terra he restrtcts to that animal substance, which 
is soluble in cold water, and which cannot be brought to assume 
the gelatinous state. Dr. Bostock, however, has endeavoured to 
•prove that mucus is a distinct fluid, characterized by a train of 
properties,* which are entirely different from those of animal gela- 
tine.* Fourcroy and Vauquelin have admitted, also, its clsdm to 
be considered as a peculiar compound.f They apply the term, in 
an enlarged sense, to the viscid liquid, which lubricates the moutfa, 
the oesophagus, the stomach, the intestines, and, in general, all 
the cavities and passages of the body* It differs, they suppose, 
from vegetable gum, in nothing but in containing a proportion of 
nitrogen. In the descriptions of its characters, however, they are 
much less precise than either of the English chemists- Berzelios, 
on the other hand, seems scarcely to admit any fluid endtled to 
the general name of mucus ^ and finds that its chemical characters 
fary in different parts of the body, according to the purpose which 
it is intended to fulfil in the animal economy .f 

The substance on which Dr. Bostock's experiments were made, 
<#as the saliva of the mouth, dissolved in water by agitation. No 
appearance of coagulation was produced by raising the tempera- 
ture of this liquid to 312®, nor, when the liquid was evaporated, 
and suffered to cool, did it show any tendency to g^elatinate. 

No distinct effect was produce<l on the solution of mqcus, by 
adding nitro-muriate of tin, muriate of mercury, or infusion of 
galls. Goulard's extract occasioned an immediate opacity, and, 
after some time, a flaky precipitate. Henc^ the effects, produced 
by the tanning principle and by Goulard's extract, establish a d^ 
cided and essential difference between mucus and gelatine. Tan 
IS a most delicate test of gelatine; but does not, in any degree, af* 
feet mucus. Goulard, again, is a sensible test of mucus, but not 
of jelly. Corrosive muriate of mercury, on the contrary, which 
discovers very small proportions of albumen, is not affected by 
either jelly or mucus. 

Hitherto, ho'wever, Dr. Bostock has not been able to devise a 
method of determining, exactly, the proportion of mucus in any 
compound fluid. One great obstacle to all attempts of this kind 
is, that mucus, beside animal matter, appears always to contain 
common salt, which acts upon the tests; so that it is impossible to 
aay, how much of the effect is owing to each of these separate 
causes. The precipitates, thrown down from mucus by acetate 
of lead and nitrate of silver, Mr. Brande has found to consist both 
' of the muriates and phosphates of those metals. For 1000 grains 
of saliva, he obtained by evaporation 120 grains of dry residuumi 
of which twenty grains were sahae matter. The proportion of 

* Nicborftcm's Jofnmal, xi. and xiv. f Annales de CUnie, \tfn> 

X View of Aoimai ChenuBtry, p* 6Q. 
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sidles, in the mucus of the trachea, was even sdH greater. This 
variety of mucos, was not coagulated either by heat) by alcohol, 
or by acids. 

In order to obtain macus free from neatral salts, it occurred to 
Mr. Brande to attempt their decomposition by electricity. With 
this view, a mixture of saliva and water was placed in a vessel in« 
termediate between two 9thers, which contained water only (see i^ 
figr* ^^0 ^^ which were connected, the one «rith the positive, the 
other, with the negative, extremity 6f a galvanic apparatus. Fibres 
of cotton connected the central vessel with the two others. In 
about ten minutes, a considerable quantity of white coagulum was 
formed upon the cotton on the negative side; but none on the po- 
nitive* Thus albumen appears to be a constituent part of saliva, 
though not discovierable by the usual tests. A separation of alkali 
took place on the neg^ti^e side; and hence Mr. Brande is disposed 
to consider mucus as a compound of albumen and muriate of soda, 
or of albumen and pure soda. The whole of this subject, how- 
ever, is still obscure; and requires to- be illustrated by urther ex- 
periments. 

When mucus is evaporated to dryness by a gentle heat, no ma- 
terial change is produced in it. The result is a semi-transpareat 
substance resembling gum, and, like it, soluble again in cold wa- 
ter. Neither alcohol nor ether dissolve it. By destructive distilla- 
tion, it yields only the common elements bi animal matter. 

Mucus, as appears from Dr. Marcet's experiments, beside 
forming an ingredient of several healthy secretions, exists in 
some morbid fluids, particularly in that effused in all the forms 
of dropsy. 



. SECTION IV. 
y Fibrin^ or Animal Qlutcn* 

Fibrin forms the basis of the muscular or fleshy ps^rts of ani- 
mals, and remains^ combined with albumen, when all the soluble 
parts haive been washed away by water. It may also be obtained 
irom blood, by laying the coagulum on a linen strainer, and pour- 
ing water apoh it, till a white fibrous matter alone remains. 

For the purpose of submitting fibrin to a series of experiments, 
Mr. Hatthett obtained it by digesting shreds of lean beef, during 
15 days, in water, which was changed daily, the temperature being 
such as not to excite putrefiiction. The shreds of the muscle 
were then boiled for five hours every day, during three weeks, 
changing the water at each boying^ and, finally, the residue was 
put into a press, and dried by the heat of a water bath. 

The following history of the chemical properties of fibrin is de- 
fived chiefly from a memoir of ^^nse^us. ^ 
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1 . Fibrin is tnsolable in cold water; but water^ after b«ng boiled 
upon it for some hoursi is found to have acquired a milky hue, 
and, on the addition of infusion of tan, affords a precipitate of 
white and distinct floccuU, which do not cohere like those pro* 
duced by gelatine. The liquid, obtained by boiling fibrin, does 
iM>t gelatinate, to whatever degree it may be concentrated, but 
gives a white, dry« hard^ and friable re^due, which is soluble ia 
cold water. By long boiling in water, fibrin loses its property of 
sofleiiing and dissolving in acetic acid. 

2. AlcoboL of the specific gravity »810t converts fibrin into s 
kind of adipocirous matter, which is soluble in alcohol, and is pre- 
cipitated by the addition of water. When alcoboly which has been 
digested on fibviut is evapoi^ted, a fatty residue is left, which did 
not pre-exist in the fibrin. By the action of ether, fibrin is con* 
verted into an adi/iQcire^ similar to the (preceding, but in much 
greater abundance, and distinguished by a much more disagreea* 
ble odour. 

. 3. In concentrated acetic acid, fibrin immediately Uecomes soft) 
transparent, and, with the assistance of heat, is converted into a 
tremulous jelly. By the addition of warm water, this jelly ia com- 
pletely dissolved, with the evolution of « small quantity of azotic 
gas. The solution is colourless, and of a mawkish and slightly 
acid taste. By sufiicient evaporation, the gelatinous substance is 
reproduced, which, when completely desiccated, is a transparent 
mass, insoluble in water without the addition of fresh acetic acid. 
The solution gives a white precipitate with ferro-prussiate of pot- 
ash, and with pure alkali; but a slight excess of alkali re-dissoWes 
it. Sulphuric, nitric, and muriatic acids also occasion a precipi- 
tate, which consists of fibrin and the acid that has been employed. 
When laid on a filter and washed, a certain quantity of this acid 
is carried off by the water, and the remaining substance is soluble 
in pure water. 

4. In weak muriatic acid, fibrin shrinks, and gives out a littw 
azotic gas, but scarcely any portion is diasalved, even by boi)|og* 
Concentrated muriatic acid, when boiled on fibrin, decomposes iti 
and produces a red or violet coloured solution* Fibrin, that ^ 
been digested with weak muriatic acid, is hard and shrivelled. By 
repeatedly washing with water, it is at length converted into * 
gelatinous mass, which is perfectly soluble in tepid water. «j^^ 
solution reddens litmus paper, and yields a precipitate with acidii 
as well as with alkalies. 

5. Concentrated sulphuric acid decomposes and carbonises fi^riQ* 
The same acid, diluted with six times its weight of water, and di- 
gested with fibrin, acquires a red colour, but dissolves ^^^J^^ 
Uiing. -The undissolved portion is a compound of fibrin with •■ 
excess of sulphuric acid; and when this excess is removed by va- 
ter, a neutral combination is obtained, which is soluble in ^* } 
and possesses the same characters, as the neutral ccsnpo^" 
fibrin and muriatic acid. 
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6. Niti^ add'fr.the specific gravity l.1t$ disengages at first 
azotic gamom fibrin, pure and unmixed with nitrous gas. By con* 
tinuing the digestion 24 hours, the fibrin is converted into a pul^ 
verulent mass, of a pale citron colour, which ^ when placed on a 
filter and washed with a large quantity of water, becomes of a deep 
orange colour. This yellow substance was discovered by Fourcroy 
and Vauquelint who obtained it by treating muscular flesh with 
nitric acid, and who gave it the name of yellow acid. Berzelius has 
ascertained that it is a combination of nitric and malic acids with 
fibrin, which is in some degree altered by the process. 

7. In caustic fixed .alkali, fibrin increases in bulk, and, at length, 
is completely dissolved. The solution is yellow with a shade of 
green; and is decomposed by acids; but the precipitated fibrin 
seems to have undergone some change, for it is not, as before, 
soluble in acetic acid. The compound of fibrin and alkali has not 
any analogy with soap, which Fourcroy asserts that it resembles. 

8. Fibrin has been analyzed by Gay Lussac and Thenardi anil 
found to consist of 

Caifon 53.360 

Oxygen « 19.685 

Hydrogen ...••»• 7.021 
Azote .•••••.. 19.934 



100. 

Besides the oxygen and hydrogen in the proportions required 
to form water, there is an excess of 4.337 parts of hydrogen per 
cent. 



SECTION V. 
Vreum 

I. UasA may be obtained by the following process: Evaporat^t 
by a very gende heat, a portion of human urine, voided six or eight 
hours after a meal, to the consistence of a thick syrup. In this 
state it concretes, on cooling, into a aystallttte mass. Pour on this, 
at different times, four times its weight of alcohol, and apply a 
gentle heat, which will effect the solution of the greater portion* 
Decant the' alcoholic solution, and 4istil it by a water bath, till it 
acquires the consistence of syriip, which is to be poured out of the 
retort. On cooling, it forms a crystdHzed substance, which u tho 
urea, not howeveir tn a state of complete purity. 

II. I. Urea, thus obtained, has the form of crystalline plateii 
crossing each other in various dirtetions. It has a yellowi^ whits 
colour; a smell somewhat like that of gariic} is viscid, and difficult 
to cut; and hasan acrid strong taste. It deliqviates, when exposed 
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to die aif) into a thick brown liquid. It is e5A*«m6l]^8oluble in 
water, and absorbs caloric during solution. Alcohol tiissolves it 
readily, but in less proportion than water; and the alcoholic solu- 
tion yields crystals more readily than the watery one. Berselius, by 
processes which he has not described, obtfdned urea quite free 
from colour, and forming distinct prismatic crystals like nitres* 
Even in this state, he observes, it is still obstinately combined with 
lactic acid, lactate of ammonia, and the peculiar animal matter, 
which always accompanies the lactates. It is this animal matter^ 
which gives the urine its colour. 

Dr. Prottt was induced by the observation of Berzelius to at- 
tempt the preparation of pure urea, and succeeded by the following 
process. 

Fresh urine was carefully evaporated to the consistence of syrupf 
and to this, when quite cold, p\ire concentrated nitric acid was 
added by degrees, till the whole became a dark-coloured crystal- - 
lized mass, which was slightly washed with cold water; and suffered 
.to drain. To this mass, a pretty strong soludon of sub-carbonate 
of potash or soda was added, till the whole became neutral. The 
solution was carefully concentrated by evaporaffon, and set aside, 
in order tliat the nitre might separate by crystallization. The liquor 
drained from these crystals was an impure solution of urea, which 
was mixed with a sufficient quantity of animal charcoal to form it 
into a thin paste. To this, after remaining a few hours, water was 
added to separate the urea, and the colourless solution was evapo* 
rated at a very gentle heat to dryness. From the dry mass, boiling 
alcohol separated the urea, and left the nitre and most of the saline 
substances behind, and from the alcoholic solution the urea was 
obtained pure by evaporation and crystallization, the solution in 
alcohol being repeated if the crystals were coloured. 

Urea thus purified most frequently assumes the form of a four- 
sided prism. Its crystals are transparent and colourless, and have a 
slight pearly lustre. It leaves a sensation of coldness on the tongue 
like nitre. Its smell is faint and peculiar, but not resinous. It does 
not affect the colours of litmus or turmeric. On exposure to the 
air it slightly deliquesces, but does not seem to be decomposed. 
At a strong heat it melts, and is partly decomposed, and partly 
sublimes unaltered. The specific gravity of its crystals is about 
1.350. They are soluble in an equal weight of water at 60^ Fah- 
renheit, and to any extent in boiling water. Alcohol at 60^ Fah*. 
renheit, dissolves about one fifth of- its weight, and at. 213^ more 
than its weight. / 

2. The concentrated solution of urea in water yields, on the ad- 
dition of nitric acid« a copious precipitate of bright pearl-coloured 
crystals, resembling the boracic acid. Oxalic acid produces the 
same effect; but in neither o* these compounds are the acids neu- 
tralized* The nitrate of urea, Dr. Prout finds to consbt of 

* Ykfw of Animal CheiiMstiy, 8vo» p. lOK 



Nitric acid .< . • . . 47.3f a i atom 
Urea ;•».... 52.63 sb 2 atoms 



100. 



3. Thc^ concentrated solution of impure urea> in water, is brown; 
but becomes yellow, when largely diluted, inflision of galls gives 
it a yellowish brown colour, but causes no precipitate; nor is it pre* 
cipitated by infusion of tan. 

4. When heat is applied to urea, it melts, swells, and evaporates^ 
with an insufferably fetid smell. By distillation, it yields above two 
thirds- its weight of carbonate of ammonia; about one fourth of 
benzoic acid; besides carbureted hydrogen, and a i*esiduum com- 
posed of charcoal with muriates of soda and ammonia. 

5. The solution of urea, in water, putrefies, and is slowly decom- 
posed; but much more rapidly, if a little gelatine be added. Am- 
monia and acetic acid are the products of its decomposition. If the 
solution, instead of being l^ft to putrefy, be kept in a boiling tem- 
perature, and fresh water bb added as the evaporation goes on, the 
urea is at length wholly decomposed. The condensed vapour is 
found to contain carbonate of ammonia; acetic acid is formed; and 
a portion of charcoal remains in the fluid contents of the retort. It 
has been ascertained, by those who distil the volatile alkali from 
urine, in manufacturing processes,' that an equal quantity of am- 
monia is obtained whether the urine has undergo^ie putrefaction 
or not. 

6. When a mixture of urea, with one fourth its weight of diluted 
sulphuric acid is distilled, a quantity of oil appears on the surfacci 
which concretes by cooling; acetic acid passes over into the re* 
ceiver; and sulphate of ammonia remains in the retort. The repe- 
tition of this process converts the whole of a portion of urea into 
ammonia and acetic acid. 

7. Nitric>acid when heated acts rapidly on urea; nitrous, azotic^ 
and carbonic acid gases, are disengaged; and prussic aoid and am- 
monia are generated. The residuum, when dried and ignited, de- 
tonates like nitrate of ammonia. 

S. Muriatic acid dissolves urea without alteration^ When a 
stream of oxymuriatic acid gas is passed throngha solution of urea, 
the gas is rapidly absorbed; and white flakes are formed, which 
soon assume a brown colour. After the sokition has become satu- 
rated with gas, the effervescence still continues; and carbonic acid 
and ni^ogeo gases are evolved. The residuary liquid contains 
both carbonate and muriate of ammonia. 

9^. Urea is soluble in alkaline solutions; and, at the same timoi 
undergoes a partial decomposition. A strong smell of ammonia 
arises, probably from the action of the potash on the muriate of 
ammonia which is contained in urea. When solid po^sh, however^ 
is triturated. with urea, the disengagement of ammonia is too great 
to be explained in this wayi and can-only be accounted for^ by tfup« 
VoL.II-^Hh 
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posing the volatUe alkali *to be formed hy the uhion of its elements. 
A strong solution of potash, heated with urea, produces a similar 
effect: a large quantity .of ammonia isgenerated; the residuum di- 
luted with water effervesces violently from the escape of carbonic 
acid gas; a flocculent precipitate is formed, which has the qualities 
of a concrete oil; and the liquor, when distlired, gives both acetic 
and benzoic acids. 

10. Urea has the property of changing the form of the crystals 
of muriate of soda; a solution of that salt, mixed with one of urea, 
affording, on evaporation, och toh edral crystals. Muriate of ammo- 
nia, on the .contrary, which ustially crystaU^es in octohedrous, hat 
the form of its crystals altered, by similar treatment, to that of 
cubes. 

Of all the animal fluids, urea appears most readily to undergo 
decomposition, both from spontaneous *changes in the arrangement 
of its elements and from the action of other substances. From a 
careful examination of the products of its distillation with oxide of 
copper, Dr. Prout has given the following as the proportions of its 
elements. One hundred parts consist of 



Oxygen . 
Nitrogen . 
Carbon . . 
Hydrogen . 



. . 



26.66 = 1 atom or J volume 

46.66 = 1 atom of 1 volume 

19.99 = 1 atom' or 1 volume 

6.66 = 2 atoms or 2 volumes. 



SECTION VI. 
jinimat Reains, 

The properties of animal resins have not been fillly investigated; 
but, so far as they have hitherto been examined, they appear to 
differ considerably from those of the vegetable kingdom. 

The RESIN OF BILK may be obtained by the following process: 
To 22 parts of recent ox bile, add one of concentrated muriatic acid. 

When the mixture has stood some hours, strain it, in order to 
separate a white coagulated substance. Pour the filtered liquor) 
which has a fine green colour^ into a glass vessel, and evaporate 
by a gentle heat. At a certain point of concentration, a green sedi- 
ment falls down, which, after being separated from the Uquid part, 
and washed, affords what has been considered as resin. Bcrzelius, 
however, (as will be more fully stated in the section on bile,) de- 
nies that it is a true resin. 

1. The resin of bile has a dark brown colour; but, if spread 4)at 
fine, on a white ground,, it exhibits a bright grass-green. It is^' 
tensely bitter. 

2. At about li^2f' it melts, and in a high temperature bums ra- 
pidly. It js soluble both in cold and hot water, and still more solu- 
ble in alQohol, fypm which it is in.part precipitated by water. 
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3. With pure alkalies it combines, and forms a compound, 
which has been compared to soap. From these it is precipitated 
unchanged by acids. - 

4. When farther oxygenized, by adding oxymuriatic acid to 
bile, the resinous portion has its properties considerably altered; 
it acquires the colour and consistence of tallow; melts at 140®; 
and dissolves in alcohol and in hot water. 

Besides this resin^ there are several animal substances which 
possess similar qualities. Such are the ear-wax, ambergris, cas- 
tor, &c.; for an account of which the reader may consult the fifth 
volume of Thomson's Chemistry, 



SECTION VII. 

jiriimal Sugar. 

SrtiAR enters pretty largely into the composition of milk; and 
into the urine, when altered by disease. It may be obtained froni 
milk by the following process: 

I. Let whey be evaporated to the consistence of honey, and al- 
lowed 10 cool. It concretes into a solid mass, which is to be dis- 
solved in water, clarified by white of eggs, filtered, and again 
evaporated to the consistence of syrup. On cooling, a number 
of brilliant white crystals are deposited, which are the sugar of 
milk. 

1. Sugar of milk has a sweetish taste, and no smell. 

$. It requires for solutipn, seven parts of cold or four of boiling 
water;. and is insoluble in alcohol. In these properties it differs 
from common sugar, and also in its relation to nitric acid, which 
will be afterwards stated, under the head of saccholactic acid. 

Gay Lussac and Thenard have obtained by their analysis, the 
following results, which correspond, almost exactly, with those of 
Berzelius. ' 

Carbon . '. . . .... 38.825 

Oxygen ....... 53.834 

Hydrogen ...,.•. 7.341 



y ^ 



■' ' . 100. . 

. ♦ ■ "■ ■ : ' 

The oxygen and hydrogen are in the proportions 'necessary to 
ibrm water; and the carbon is in excess. 

'3. When .exposed to heat, it mdts and burns with the same 
appearances as common sugar, and with a similar smell. 

il. The urine of diabetic patients yields sugar on evaporation, 
which approaches more nearly in its. characters to those of vege- 
table sugar,^ut is generally said to be incapable of crystalliisation^ 
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By exposing the solution, however, for some time to the air, and 
removing occasionally the scupfi which is formed, I have obtained 
beautiful white crystals, not inferior to tl^ose of vegetable sugar. 
Chevreul has, also, obtained similar crystals, which when drained, 
then pressed, and dissolved in hot alcohol, gave a solution that by 
slow evaporation afforded perfectly white crystals. In its proper- 
ties, diabetic sugar he found to approach most nearly to the sugar 
obtained firom grapes;* and Dr. Prout, by analysis, finds its com- 
position precisely similar to that of vegetable. sugar,t 



SECTION VIII. 

Animai Oih. 

Animai oils differ from the vegetable oils, in being generally* 
solid at the temperature of the atmosphere, but are similar to 
them in other properties. Among animal oils, may be ranked 
butter, tallow, lard, suet, spermaceti, Scc« 

I. Spermaceti (called by Chevreul^ cetine) bears some resem* 
blance to wax, but differs from it in other properties. It is more 
readily fusible, viz. at 112^ Fahrenheit; and is less soluble in boil- 
ing alcohol, of whi^h it requires 1 50 times its weight. It is co- 
piously dissolved by boiling ether; and the solution, on cooling, 
becomes a solid majss. Pure potash acts on it more remarkably 
than on wax; and the compound is quitch soluble, forming a true 
soap. ' A heated solution of ammonia affords a liquid, which is 
not precipitated by cooling, or by the addition of water; but is de- 
composed by acids. From the solution by potash, Chevreul sepa- 
rated, by adding an acid, a substance, which he terms cetic acid. 
It is a white solid, fusible at nearly the same point as spermaceti, 
but which does not, on cooling, crystallize in plates. It is IdsgIu- 
ble in water, but much more soluble in alcohol than «permaced, 
and is susceptible of union with various bases, with which it formB 
salts or soaps«$ 

II. A singular instance of the production of animal oil from the 
lean or muscular part of animals, is presented by the conversioD 
of muscle into a substance resembling spermaceti, and called by 
the French chemists adipocire. To effect this conversion, it is 
only necessary to confine the fleshy part of an animal in a box, 
with several holes in it, under the surface of a running stream. 
When thus confined, the change tal^es place spontaneously in the 
course of a few months. But it may be accomplished much sooner, 
by digesting animal muscle in strong nitric acid, and'wa^bin^off 
the acid by water, as soon as the change has ensued. The sub** 

* »5 Ann. de Chim. 319. f Med. Chir. Trans, viii. 637. 
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Stance) thus obtained, may be bleached, by exposure to chlorine 
gas. From the experiments of Chevreul and of Gay Lussac,* the 
fatty matter thus obtained appears to be separated, rather than 
formed, by the processes which have been described. Their in^- 
ferences, however, are not admitted b^ Dr. Thomson. t , 

Adipocire has a light yellow colour, the consistence of talloMr, 
and a homogeneous texture. It melts at an inferior temperature 
to either of the foregoing bodies, viz. at 92^ Fahrenheit. Cold 
alcohol has little action, but when heated, dissolves a,bout one- 
fourth or onc'fifth its weight. On cooling, it is deposited nearly 
white, and the alcphol has acquired a yellow tinge. Boiling ether 
dissolves nearly one-fourth, which separates, almost white, oa 
cooling. Fixed alkalies act on this substance, as on wax and sper«- 
maceti, forming with it a soluble soap. Cold ammonia scarcely 
j^ttracts it, and in this respect it differs from both the preceding 
substances. 

III. The FAT of animals may be separated from the membranous 
and other substances, with which it is united, by melting, it with a 

fentle heat, and with the addition of a small quantity of water, 
at, which has been thus prepared, is called lard when of a soft 
ponsistence, and tallow when harder. From the whale and some 
other animals, the fat is obtained fluid, and is then called animal 

oiJ* 

Animal fat is insipid and free from smell. It cannot be com- 
bined either .with water or with alcohol; but it unites with alkalies 
and forms soap. It is apt to become rancid by keeping, owing to 
the formation of an acid, most probably by the oxygenation of ge- 
latine,. or of some other atiimal substance which the fat contains. 

Fat melts at a very moderate ^eat. Lard becomes fluid at about 
92^ Fahrenheit, and tallow a few degrees higher. At a stiU 
higher temperature, it is decomposed, and yields, among other 
products, a large quantity of oleflant gas. Hence its fimess for 
artificial illumination. 

' If fat be melted with about one sixteenth its weight of nitric 
acid, the mixture being kept fluid, and constantly stirred for som« 
time, a. considerable change is produced in its appearance. Nitric 
oxide and nitrogeii gases are evolved; and the lard becomes gra- 
nular, of a firmer consistence, and soluble in alcohol. Any adher- 
ing acid. may be removed by washing it with water. In this state, 
it has been called by the French chemists oxygenated fat. 

Melted fat dissolves both sulphur and phosphorus. It unites, 
also, with several metallic oxidesi mkI forms xx>mpounds, which 
have ne^ly a solid consistence. 

. > * Aon. de Cbim. et Phys. iv. 7);^ f Annals, xii. 41 « 
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Stearin^ Elatn^ l^c. 

It has been shown by the experiments of Chevreul, which, haTc 
been confirmed by those of Braconnot,* that fat is not homoge- 
neous, but composed of two distinct substances. When hog*$ 
lard is heated with alcohol, the fluid on cooling deposits white 
crystalline needles, which may be purified by again disolving them 
in hot alcohol, and allowing them to crystallize a second time. To 
the solid thus obtained, Chevreul has given the name of steaririy 
from ryot^ tallow. It is white, brittle, and free from taste and 
smell, ^nd in appearance resembles wax. Its point of fiision varies 
from 109*^ to 120** Fahrcinheit, according to the source from which 
it has been obtained. It is soluble in heated alcohol; and is con- 
irertible into. soap by being treated with alkalies. 

When the alcoholic solution of fat, after having deposited all its 
stearin, is submitted to distillation; thera remains an oil, which is 
fluid at 59** Fahrenheit, and is called by Chevreul e/irm(fromi rA«/«r,. 
oil.) It has generally both colour and smell, but these are not 
essential to it, and depend on the source from which it has been 
obtained. It is convertible into soap with alkalies. 

Braconnot separated these two component principles from each 
other, by simply pressing fat between folds of blotting paper, which 
imbibes only the elain, and again gives it out. on being moistened 
with water and submitted to pressure. The proportion of the two 
ingredients differs considerably in different varieties of fat. Stea- 
rin being the cause of its hardness is, of course, most abundant in 
fat of firmest consistence. 

When hog's lard is made into a soap with potash, and this soap 
is put into water, it is partly dissolved, and partly deposited in 
pearl-coloured scales. These scales consist of potash united with 
a peculiar acid, which is separated, by adding a due quantity of 
muriatic acid, and floats on the surface of the- liquor. Chevreul 
at first gave it the name of margarine (from /K«fyaf*rj;5, a pearl,) 
but afterwards proposed that of margaritic acid, it is tasteless, 
but reddens litmus, is fusible at 134^, and on cooling shoots into 
brilliant white needles; floats on water, and is insoluble in it; but is 
soluble to great extent in alcohol. It unites with potash in two 
proportions, viz. that of 100 acid to 8.80 potash, and of 100 acid to 
\7J77 potash. It is, also, capable of uniting with other salifiable 
bases. 

That portion of the soap of hog*s lard, which remains dissolved 
in water, is a compound of potash with a different acid, mixed how- 
ever with some proportion of the margaritic. To separate this 
acid, the soap was decomposed by tartaric acid; the oleic acid thus 
obtained, was again saturated with potash, and the compound again 
decomposed by tartaric acid. After two or three repetitions of 

* Add. de Chim. tom. Ixxxviii. xciii. xciv. xcv.; and Ann. de ChiiD« ^^ 
.Fh3'8. vol. ii. &c. 
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this process, an caly fluid ^va3 obtained, destitute of smell and-<:o* 
lour; of tiie specific grsTvity .899; and remaining fluid till cooled to 
55^, or, in some of its varieties, to 43^°.. This acid does not unite 
with' water, but is very soluble in alcohol, It unites also, with sali- 
fiable bases, and^rms a variety of salts or soaps, the precise com* 
position of which has been stated by Cbevreiil.* 

A very remarkable experiment has been performed by Berard, 
the result of which has beeu the production of a substance resem- 
bling fat, from bodies in a gaseous state. . It consisted in mixing 
together one volumes of carbonic acid, 10 volumes of carbureted 
hydrogen, and 20 volumes of hydrogen, and passing Uie mixture 
through a red-hot porcelain tube. He obtained, a substance in 
small white crystals; lighter than water, soluble in alcohol, and 
fusible by heat into a fluid resembling a fixed oiLf Doberein^r is 
said, also, to have obtained a similar product by igniting a mixture 
of coal gas and aqueous vapour. 



SECTION IX. 

r 

. , Animal Acida, 

Of the acids, that have hitherto been discovered to enter into 
the composition of animal substances, -several have already been 
described, 'viz, the phosphoric, sulphuric, muriatic, carbonic, ben- 
zoic, acetic, and malic. Besides these, the following are either 
component parts of animal substances, or are formed by treating 
them with chemical agents. 

I. T\iQ:uric . acidy or lithic acid^ exists in human urine, even in 
its most healthy state. The substance, occasionally voided along 
with the urine, and^led gravel, consists^ for the most part of 'uri<? 
acid; and this acid terms, also, one of the most common ingredi- 
ents of urinary calculi. It may be obtained; by dissolving a cal« 
cuius of this kii>d (ihe^ external characters oif which will be here- 
after described,) reduced to fine powder, in solution of potash; de- 
composing the clear solution by muriatic acid added in excess; and 
washing the precipitate with a large quantity of distilled water. 
The precipitate may be -drained, and dried at 212**, a temperatu]:e 
sufficient to deprive it entirely of water. 

1. Uric acid, when pure, is destitute of colour,, taste, and smell; 
it dissolves in 1720 parts of cold water, or 1150 parts of boiling 
water; from which, on cooling, much of the acid precipitatesi 
The Solution reddens vegetable blue colours, and*combines readily 
with pure alkalies, but does not effertesce with, the alkaline car- 
bonates. Fixed alkaline solutions dissolve a considerable quantity 
of uric acid, if the alkali be in exces^. The saturated compounds^' 

* Ann. d6 €him. xclv. 263. . f Thoiason's Annal«, xii. 4U 
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however, of uric acid with alkalies, termed urates, are not much 
more saiuble than the acid itself. The combination of uric acid 
with soda, constitutes the principal part of the concretions found 
near the joints of gouty persons. 

2. Nitric acid dissolves the uric acid, and the solution stainsthe 
skin of a pink colour. If the solution be boiled, carbonie acid and 
nitrogen gases escape, and prussic acid is formed. On evaporation 
to dryness, a bright red or carmine coloured mass remains, con- 
sisting, as appears from the analysis of Dr. Prout, of ammonia, 
united with a new acid recently discovered by him, to which he 
has given the name of fiurfturic acidj from the beautiful purple 
colour exhibited by its compounds.* By repeatedly distilling ni- 
tric from uric acid, the latter is at length wholly decomposed; car- 
bonic acid and nitrogen gases are evolved; and a strong smell of 
prussic acid is produced. The residuary fluid deposits crystals, 
which Dr. Pearson found to be nitrate of ammonia. Oxy-muriatic 
acid occasions the formation of muriate of ammonia, and of oxalic 
and malic acids. 

3. When the uric acid is distilled fier ae^ abqat one fourth its 
weight of a yellow sublimate arises, which <;ontains no uric acid; 
but a new and peculiar one combined with ammonia* A few drops 
of thick oil make their appearance; ai)d carbonate of ammonia, 
with some prussic acid, water, and carbonic acid, are obtained. 
In the retort there remains about one sixth of charcoal. By sub- 
mitting uric acid to destructive distillation along with oxide of 
copper, Qay. Lussac determined that the carbon is to the azote 
which it contains, in volume, as ^^ to 1, as is also the case in cyalM>- 
gen.t It has been shown, also, by Berard, that in uric acid, the 
hydrogen is to the oxygen in a greater proportion than in water, 
contrary to what has been established with respect to vegetaMe 
acids. t I^r. Prout has, also, analyzed uric acid by the same pro- 
cess as that of Gay Lussac, and finds it to be composed of 

Hydrogen * . . 2.857 xs i atom or 1 volume 

Carbon . . . • 34.286 a 2 atoms or 2 volumes 

Oxygen .... 22.857 » 1 atom or } volume 

Azote • ... 40. » I ato^ or 1 volume 

100. 

II. There is a substance well known to physicians, as a depout 
ih>m the urine at certain stages of fever, at the close of attacks of 
gout, and in other diseases, under the name of lateritious sediment. 
According to Prdust, this sediment contains, mixed with uric acid 
and phosphate of lime, a peculiar acid, which he terms the rosackf 
f^om its resemblance in colour to the rose. This acid, he observes, { 

I 
* Thomson's Annals, xiL 68. 1 06 Ann. de Chim. 53. 

t Ado. de Chim. et Pbys. v. 295. \ | 
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differs ii^hiefiy frdm the uric, in being veiy soluble in hot water; in 
having little tendency to crystallize; and in precipitating muriate 
of gold of a violet colour. The experitnents of Prou&t . were con- 
-firmed and extended first by Vauquelin and afterwards by Vogel.* 
The latter chemist finds that concentrated sulphuric acid converts 
rosacic acid first into a deep red powder, and afterwards into a white 
insoluble substance which has all the properties of uric acid. Nitric 
acid effects the same change. It appears, therefore vthat\he rosacic 
and uric acids differ but 4ittle from each other, and that the transi- 
tion is easily made from the former to the latter. 

III. The amniotic acid has been discovered by Fourcroy and 
Vauquelin, in the liquor of the amnios of the cow, from which, by 
slow evaporation, it separates in white crystals. It has a brilliant 
appearance; a slight degree of sourness; reddens vegetable blues; 
is scarcely sohible in cold water, but readily in hot, from which it 
separates, on. cooling, in long crystals. It is also soluble in heated 
alcohol. It combines readily with alkalies and forms neutral salts^ 
from which the amniotic acid is precipitated by other acids. It 
does not decompose alkaline carbonates; nor does it precipitate 
salts with earthy bases, nor the nitrates of silver, mercury, or lead* 
By a strong heat, it is decomposed, emits ammonia and prussic 
acid, and leaves a bulky chaixoal. 

IV. The lactic acid forms a component part of sour milk; from 
which the acid may be obtained by gently evaporating it to about 
one eighth; filtering to separate the curd; and adding lime-water 
to the residue. An earthy precipitate is formed; from which it may 
be separated by oxalic acid. The lactic acid is thus obtained in an 
impure state, dissolved in water. ^ Evaporate the solution to the 
consistence of honey; on this pouir alcohol, and filter the solution* 
When the alcohol is separated by distillation, the lactic acid re- 
mains pure. 

This acid has a yellow colour, is not susceptible of being crys- 
tallized, and attracts the humidity of the air. It combines with al« 
kalies and earths, and forms deliquescent salts. It dissolves iron 
and zinc, with a production of hydrogen gas. It unites also with 
the oxides of other metals. In its properties, it bears most resem- 
blance to acetic acid. Fourcroy, indeed, supposed that it is really 
the acetic acid, holding in solution a quantity of extractive matter 
and of the^ salts contained in whey, which disguise its ordinary 
properties.! But Berzelius contends that it is a distinct acid, 
and that it exists, either free or united with soda, and in all aiiimal 
lluids.t 

• V. *fhfc aaccholactU or mucous acid (the latter of which names 
Is considered by Berzelius as improper) is formed by pouring on 
powdered sugar of milk, in a stoppered retort, four times it weight 

♦ 96 Ann. de Chim. 306. f Nicholson's Journal, x. 264. 

X Thomson's Annah, ii. 201 ^ note. Se^ also bis. investigation of the lactic 
add, in Phil. Mvig. xti. 241 . 
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^n 33.69 

.jxyg*n 62.69 

Hydrogen 3.62 



■jHiere are, therefore, 36 parts of oxygcai inore than suEli<»ent to 
^Juratc the hydrogen. 

yi. The sebacic acid may be obtained from various species of 
j^jiinal fat. The simplest process for separating it is that of Guyton. 
Xohogs' lard, melted in an iron kettle, add pulverized quicklime, 
aiid stir the mixture for a few minutes, raising the Jieat towards the 
^nd of the process. When cold, the lard will be found to have lesa 
solidity. Four on it a large quantity of watery boil them together^ 
^d filter the liquid. . A brown acid salt witj separate on dDolingi 
consisting of lime, united with sebacic acid. This salt is contanur 
qated wiUi an admixture of oil, from which it may be separated by 
a'degree of heat barely sufRcient to decompose the oil. Re-dissolve 
{md crystallize the residue; and, when again dry, distil it with one 
t^ird its weight of sulphuric acid, diluted with water. Its purity 
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filler add mdy be ascertained by its a^brding, with a Ab- 
late df lead, a precipitate^saluble in nitric acid. 
>cic acid is liquid, white, and has a penetratinj^ sniell/ 
table colouj^s. ' " ' - 

'm it becomes yelloir, gives tarbonit acid, and W 

Ikalies; and, when mingled with nitric s^(iid, 

■ : Ml"-' ' 

t , 

^ of lead give a precipitate, ^luble in acetic ' 
-nuriate of mercury. 

the acid which has been described \s 
' by a little sulphurous acid. Besides'' 
Nrent acid not befbre'olw^ejrved, and 
may be obtained by first distilling^. 
^ \ ct with hot water. The watery 

^%%^ iL o^ lead, gives a flaky pTecipj- 1 

^ %fc *^ V^ ^ sulphuric acid, in a retort. " 

V^'^\>V*** * ""^^^^ ®^^^® matter in the* 

^L ^-"^ ^ •? fat, which lifjay be s6pa-:* 

^k ^^ .*<f water entirely dissolved ) 

^oured, h^s a white colour; is withotU 
^cid taste, and reddens infusion of li^mu^/^ 
.. melts like a sort of fat; boiling water sattit%f^d'' 
^^omes solid on cooting. Alcohol dissoli^es it copiovisijr. 

^^ecipitates acetates and nitrates of mercury and lead, and nitrate 
of Sliver. The alkalies fire neutralized by it, and form sbldble salts^'^ 
which do not decompose the solutions of Ume,'barytes^ or strgrri- 
tites. It may be volatilized; but requires a l^gher tenipehifiii^c) 
than benzoic acid, which, in several particulars, it resembles.. Beit*' ^ 
zeliita^ indeed, considers it as merely benzoic acid, impregnsfid^/^ 
with other products of the distillation by which it has beeb'otrf^ 
tained. ' ,' ' . ^* 

VIL The firuseic eutid is formed, chiefly during the decom{5osr« 
tion of animal substances, at high temperatures; or rather, as' Gay ''P 
Lusaac has rendered probable, a cyanide of fiotash is lo^i'iiiedi'^'* 
which becomes a prussiate of potash, when acted upon bywatet'^^ 
and an acid conjointly, in the manner already explained ih'^^heP^ 
lection on cyanogen. Three parts of blodd, evaporated to ^r^nes^s'^^ 
in an iron dish, are to be mixed with one part of sub-carbotiate of ^^ 
potash (common pearlash,) and calcined in a crucible, which should 
be only two thirds filled by the materials, and loosely covered WitH'^cl 
a lid. The calcination must be continued with a moderate h<^t, ^^^^ 
long as a blue flame issues from the crucible; and when it becomdi 
fiiint, and likely to be extinguished, the process must be stdp^ei^.^^ 
Throw the mass, when cold; into ten or twelve parts of water; alloif^^S 
it to soak fi>r a few hours; and then boil them together in an iron 
kettle. Filter the liquor, and continue pouring hot water on the 
niass, as long as it acquires any taste. Td this solution, add another, 
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composed of two parts of. aluia and one of s^lphaieof inmtlmBor 
10 of boiling water; and continue the mixture as lon^&s any^er- 
vcscence or precipitatioji ensues. Wash the precipitate s^eral 
times with boiling water. It will have a green colour; but^ on the 
addition of a quantity of muriatic acidy equal via weight ta twice 
that of the sulphate of iron which has been used, it will assume a 
beautiful blue colour. Wash it again -witli water, ^a^d dry it in a 
gentle heat. In this state it is the pigment called prussian blue) 
which consists of a mixture of prussiate of iron, with aiiimine. Its 
properties have already been describe<l« (Gbap. xix. 8.»v.) 

From prussiate of iron, theprussic acid may bes^arated by the 
following process^ invented by Sdbeel6*\ 

. Mix two ounces of red. o^^'pC mercury, prepsai:ed by nitric acid, 
known in the druggists' shop^i by.ihenas»^of r^cf Ar<fc(^«^lr,with 
four ounces of finejy-powdered^prussianblue; and.boU the mixture 
with twelve ounces of water in^ a, glass, vessel^ shaking 'freqnentif. 
Filter the solution, ^ which is a/prussiatie^of mereiiry, whiie-bot; 
and, when cool, add to.it, in a bottle, jtwo - oui%ces of iron Ms^ 
and six or seven drachms of sulphuric acid; shake these together, 
decant the clear liquor into a retort, and distil off one fourth of the 
liquor. 

The distilled Irquor i9 the pf ussic acid, which does not, like most 
other acids, r^dde^ vegetable bkie colours, though it combizies 
with alkaline and earthy bases. 

Prussic acid has the following piv^iities: 

1 r It is capable of assuQiing a ga^eoua form, and may be collect' 
ed in that state, over mercury, by heating, i^ a retort, the crystal-^ 
lized ferro-prussiate of po^as^. with dilute .tulpfauric acid. This 
gas is absorbed by alcohol, and forms ^ a permanent combinatiDii 
with it; but its solution, in water undergoes spontaneous decompo- 
sition, becomes yellow in a few months, and deposits charcoal. 
The gas has, also, a constant tendency to escape from> its wateiy 
solution. ^ 

2. Prussic acid ma is inflammable, and is instantly decomposed 
by contact with chlorine gas< A new compound is formed of chlo- 
rine and cyanogen, which was fiw. described by Berthollet, and 
afterwards examined by Gay Lussaci From the latter it has re- 
ceived thp name of cAlorp-rt/anic acid.* It. appears to be consti- 
tuted of V volume of the yapour of charcoal, § a volume of aasotc, 
and j a volume of chlorine, condensed into one volume. 

3. Whpn received into, the lungs of «nisill animals, prussic acid 
gas is speedily fatal; and its watery solution, virhen taken into the 
stomach, proves almost instantly poisonous.! 

4. In its pure state* it becomes a liquid at ordinary tempera*'*'^ 
as Gay Liissac has $hown4 To obtm it in this state, prussic acid 
gas was disengaged from prussiate <rf mercury by murfeticacw, 

* Thomscm^s AnoalS) viii. 47. f Robert,. 92 Ann de Cbim. 52* 
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and- after pirsshi^ throttgh two battles containing dry muriate of 
lime and chalk, was condensed in a third, which was surrounded . 
by ^ freexing mixture. 

5. Liquid prussic^acid, thus procured, is a limpid and colourless ^ 
ikod. Its taste is at first cool, but soon becomes hot and acrid. 
Though rectified from chalk, it still reddens litmus paper slightly. 
Its specific gravity at 4S® Fahrenheit is .7058. It is highly volatile,, 
and boils at 79^ Fahrenheit; at 6B^ it supports a column of mercury 
at very nearly 15 inches; and it increases^ fivefold, the bulk of any 
gas with which it is mixed. It congeals at the temperature pro* * ' 

dnced by snow and salt, and liquefies at 5 ^ Fahrenheit. A drop of it 
placed on paper becomes solid instantly, because the cold, pro- 
duced by the evaporation of one portion, reduces the temperature 
of the remainder below its freezing point. 

The specific gravity of prussic acid vapoiirls to thatof cdmmon 
air as 0.9 4T6 to 1; but by cs^tulations founded on its composition 
and the condensation of its elements, it may be stated at O.9o6d. 
At a temperature between 86^ and 95<» Fahrenheit, it forms with 
oxygen gas a mixture which detonates on passing an electric spark.' 
A. quantity equal to 100 measures condense- 125 measures of oxy- 
gen, and there result 100 measures of carbonic acid and 50 mea-* 
sures. of nitrogen. . Biit as t^ie carbonic acid contains only its own J 
volume of oxygen^ there remain 25 measures of. the latter gas' 
which must have been converted into water by 50 measures of hy- * 
drogen existing in the prussic acid vapour. From these and other 
fiuits, Cray Lusssvc infers that it is composed of one .volume of the ' 
,vapour of charcoal, half a volume of hydrogen, ^nd half a volume 
of nitrogen, condensed into one volume, or by weight of * ;■ n 

•• # 

Carbon * . 44.39 

Azote 51.71 

Hydrogen 3.^0 

100.* 

The half volume of nitrofpn^gnd one volume of vapour of char- 
coal, existing in the vapour of prussic acid, constitute a peculiar 
base already described in the first volume under the name of cya* 
n^gen. This base, like chlorine and iodine, is acidified by hydro- 
gen^ and> the proper appellation fi>r the prussic acid Gay Lussac 
conceives to be hydro-cyanic acid^ and for its compounds hydro- 
cyanatta* The equivalent of oxygen being 10, that of the hydro- 
cyanic acid is deduced by the same philosopher to be 33.846, and 
subtracting from this number the equivalent of hydrogen, there 
remains 32.590 fbr %hat of cyanogen. 

From thes^ fects, there appears to be a remarkable analogy be- 
tween cyanogen and chlorine and iodine; and the resemblance to 

* ThoHM^^ Annals, vii. 357, or Ann. de China, xcv. 136. 
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chlorine extends ahd to tbeir respective compounds with hydrO' 
gen; for as muriatic acid is decomposed by the black oxide of man- 
ganese, so is hydro-cyanic vapour by peroxide of copper^ which 
gives up oxygen to the hydrogen of the acid, and sets at liberty the 
elements of cyanogen, the nitrogen in a free state^ and the cacbos 
in the state of carbonic acid. 

6. Prussic acid does not appear to have a strong affinity for al- 
kalies; nor doe^ it take them from carbonic acid; for no effenres- 
cence arises on adding it to a solution of alkaline carbonates; On 
, the contrary, its con[ibinations with alkalies and earths are decomf 
posed by exposure to carbonic acid, even when highly diluted, as 
in atmospheric air. It readily combinest howev,er, with pure 
alkalies; and forms crystallizable salts, which have an excess of 
alkali) are soluble in alcohol; and are incapable of forming pros* 
sian blue with salts containing the peroxide of iron. But these 
simple prussiates, by combination with .protoxide of iron, acquiiv 
air the characters of triple prussiates«. , . . 

An ingenious view of the nature of Ihe triple prtissiates bar 
been taken by Mr. Porrett, in the PhilosopbicsU TnoisactL&DS for 
1814. He considers them,, not as tr^le salts, but as-^tTiorycoffi* 
pounds of the respective bases with an acid,. which is eoRStitttted' 
of- the elements of prussic acid, united^ with the protoxide of iros* 
That this oxide is really an element of the acid,^ and not a base, be 
has rendered highly probable by determining, tlmt when prusaiate 
of soda in solution is exposed to the agency of ^Ivanic clectricityj 
the black oxide of iron is carried along, with tlie elemeDts of tbft 
prussic acid, to the positive pole; whereas, if it had existed in the 
sftlt as a base, it would have appeared at the negative pole. 
' . This compound 4|Cid he obtained in a state of watery solutionj 
by adding, to a solution- of triple prussiate^^f barytes, just sul- 
phuric acid enough to precipitate the barytic earth. Its characters 
he describes as follows: i ^ ' 

It hats a pale lemon yellow colour; has no smell; is decomposed 
by a gentle heat, or by exposure to a strong light; in which cas® 
prussic acid is formed, and white triple prussiate of iron, which, 
by absorbing oxygen, becomes {yu^an blue. With alkalies, 
earths, and oxides, it forms, directly, the salts called triple prus- 
jiiates. It displaces the acetic acid from all its combinations; aB« ' 
also detaches, from other acids, those bases, with which it is ^ 
ceptible of forming compounds, that are insoluble in acids. As it 
is decomposed by heat, this acid can never be obtained by distil- 
lation. In that case, prussic acid and triple prussiate of iron are 
always formed. 

This view of the subject explains why the iron, in tripl« P^^** 
Slates, is not discovered by the most delicate tests; for it can no 
more be affected by them; than sulphur can be indicated by its 
appi^opriate tests, when ^existing in sulphuric acid. ^ 

In the nomenclature of prussic acid and its compounds, iWj* 
Porrett has not pi^oposed any change^ but for the peculiar aciOj 
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which it afierds wk«n combined with protoxide of iron> he sug^- 
gests the name oiferrureted chyazic acid; and its compounds he 
terms ferrureted chyazatea. It would, perhaps^ have been pre- 
ferable to have designated these bodies by the names ferro^firua^ 
*ic aeidj and f^rro-firua^iatea ; at least these names have the ad- 
vantage of greater brevity; and, for that reason, I shall employ 
them* 

Some doubts hav« been thrown upon these conclusions of Mr. 
Porrett, by the researches of Gay Lussac, which have rendered it 
probable that some of the prussiates (that of mercury for instance) 
are in fact compounds of cyanogen with a metal. Under this view; 
they be«r a strict analogy to the compounds of chlbrine, and may 
be mfore properly termed cyanides. There undoubtedly, how- 
ever, exists a class of compounds of prussic acid with bases, to 
which thp name of prussiates (or hydro-cyanatea^ as Gay Lussac 
proposes) is strictly due. ' They are all alkaline; are decomposed 
by the weakest acids; and, in many respects, are analogous to the 
hfds^O'-^ulfikureta, That of ammonia is the most remarkable. It 
crystallizes in cubes; is extremely volatile; and is decomposed 
with great facility. When to these compounds we add oxide of 
iron, more powerful acids are required to decompose them; but 
this, as Gay Lussac observes, is what happens also with other tri- 
ple salts. Alumine for example, when uniied with sulphuric acid 
and potash, forms a more energetic combination than when com- 
bined with that acid only. Without, therefore, disputing the facts 
of Mr. Porrett, he is disposed to withhold his assent from the opii>. 
nion that prussic acid, by combining with oxide of iron, composes 
a new acid^ 

Beside the protoxide of iron, Mr. Pbrrett finfls that there arc 
other substances, which are capable of forming, with the elements 
of prussic acid, peculiar acids, characterized by a distinct train of 
properties. Sulphur i$ oneof thesjB bodies., 

Sulfthureted chyazic or aulfihurcUd firuaaic acid was first ob-< 
tained by Mr. Porrett, by decomposing prussian blue with sul- 
pburet of potash. To a heated solution of one part of the latter^ 
three or four parts of prussian blue in powder are to be added at 
distuit intervals; and the liquid, which contains the compound in 
^aestio n, along with several neutral salts, is to be filtered: Or a 
solution of prussiate of mercury may be decomposed by hydro.-, 
gareted sulphuret of potash: Or, lastly, a mixture of animal char** 
coal an<l sulphuret of potash may be calcined, in a red heat, for 
some hours, and the product lixiviated. The clear liquor (how- 
I' ever obtained)- is to be supersaturated with sulphuric acid; and 
l^ept, for a short time, at nearly the boiling point. A little finely- 
powdered oxide of ^manganese, added when cold, turns the liquid 
* beau'dful crimson. A solution of two parts sulphate of coppery 
tiid three of green sulphate of iron, is to be added, till this colour 
^sappears. A white precipitate falls, which is a ^compound of 
protoxide of i;opper with ^ulphureted prussi(: acid, The agid may 
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then be* transferred to potash, by boiling the precipitate with that 
alkali; and it may be obtained separate, by dLstilling the liquid 
with sulphutic acid^ 

The sulphureted chyazic or prussic acid is generally colourless, 
but sometimes pinkish; it has the specific gravity 1.022; and it has 
a smell, resembling that of strong ac^io acid. It dissolves sul- 
phur when boiling, but lets the greater part fall ag^n on cooling. 
It forms, with nitrate of silver and pronitrate of mercury, while 
precipitates. With alkaline and earthy bases, it composes a dis- 
tinct genus of neutral salts. It appears to be constituted of 
^6.39 sulphur + 14.23 prussic acid. 

Vin. The £^onic acid has been shown by Thenord to be merelf 
the acetous, holding some animal matter in solution. The ftyrmic 
acid, or acid of ants, was submitted to a course of experim6nt8 by 
Fourcroy and Vauquelin, who inferred that it is merely a mixture 
of acetic and malic acids. This conclusion was opposed by the 
experiments of Suersen, who endeavoured to prove that formic is 
really a peculiar acid; but its identity with the acetic has since 
been confirmed.* Gehlen, however, has lately published a series 
of experiments, the object of which is to prove that the formic is 
really a peculiar acid. Its smell and taste differ, he alleges, en- 
tirely from those of acetic acid. When sufficiently cooled, it be- 
comes solid, but does not crystallize. Its specific gravity is 1.1 168; 
when diluted with an equal weight of water, it becomes 1.060; and 
with twice its weight, 1.0296; in all which respects it d^ers from 
acetic acid.f 

The formic acid is recognized, also, as a peculiar compound by 
Berzelius, who, from the proportion of the ingredients of formate 
of lead, deduces its equivadent to be 46.8, that of oxygen being 10. 
By analysis, he obtained as the ingredients of formic acid. 

Hydrogen . . . . . • . 2.807 
Carbon •..,.... 32.970 
Oxygen . . . ^ . . . . 64.223 

! . 100. 



Reducing these proportions to volumes, we have the followiDg 
comparative table of the acetic and formic acidsif 



Oxygen. 

Acetic acid • • ; .3 
Formic acid . . • . 3 . 



Carbon. 
4 

2 , 



. 6 
. 3 



^ Ann. de Cfaim. Ixiv. 48. f Thomson's Anoala, v. 24. 

I Thomson's Annals, iv. 105. 
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CHAPTEB XXllk 

af THE U&RE^ COMPLSX ANIMAL P.&aDU&TS. 

All liprafigements of the various substances, that compose the 
animal body, must, in the present state of our knowlicdge, be en-f 
tirely'-arbkrapy; and it can, therefore, be of little consequenc<^ 
which of them is adopted. The most obvious division is that 
which distnbntes them into fi\rids and solids, and tKis order I shall 
firflow in the description of tkeir individual propertle;^. A minute 

^ ft!^o:ry, however, of all the variety of animal compounds would be 
foreign to the purpose of this-work, and could not be given with- 
out 'very long detdb. For this reason, I shall notice, at greatest, 
length, those, which are most interesting from their connexion 

. with animal physiology. * 



/ 



SECTIOI^ I. 

« 

Of the Biood — Reafiirationy ^c. 



The blood, when examined as soon as it has been d^awn from 
the body, is a smooth and apparently homogeneous fluid; viscid to / 
the touch; and of a specific gravity exceeding that of water, in the 
proportion of from 1053 or H26 to JOOO. A vapour presently 
exhales frooi it, which has a peculiar smell, but which does not, 
when condensed, aflbrd a liquid differing essentially from water- 
In a few n^inutes, a thin film appears on the surface; and, after a 
short time, the whole mass becomes coherent. When it has re- 
mained some time in this gelatinous state, a more complete sepa- 
ration of its principles ensues. Drops of a yellowish liquid ooze 
out from beneath the surface of the mass; and, at length, the whole 
is resolved into two parts, a firm red substance called the ci'uorj 
crassamentum, or clot; and a yellowish liquid termed serum. The. 
nroportion of these parts varies considerably; the crassamentum 
flying much more abundant in vigorous, well-fed animals, than in 
such as have been debilitated by disease or by poor bving. 

The period, at which coagulation begins, varies not only with 
the condition of the blood itself, but with the circumstances in 
which it is placed. It commences sooner as the vessel is more 
shallow; but, on an average, it may be said to begin in about 3J 
ftiinutes> and to be completed in seven. Fourcroy states that, 
during coagulation, caloric is evolved; and this fact appeared to 
be established, also, by the experiments of Dr. Gordon, who 
found the coagulating part of a quantity of blood warmer than the 
Vol. IL—K k 
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rest, by from 6<* to 12® Fahrenheit,* Subsequent experiments bf 
Dr. John Davyf have, however, rendered the fact extremely ques- 
tionable, and have led to the suggestion of some sources of fal- 
lacy in Dr. Gordon's investigation. 

The serum is an apparently homogeneous iiuid, with a yellowish 
and sometimes slightly greenish tinge; is. unctuous to the tooch 
and saltish to the taste. Its specific gravity is very variable, but 
on the average is about 1029^ When exposed to a ^eat of 160", 
and still more readily in that of 212**, serum is converted into i 
pretty firm white mass. This, in fact, is merely coagulated alba- 
men, the properties of which have been already described. When 
cut into slices, and subjected to gentle pressure, a, small quantity ' 
of a slightly ppaque liquor, of a saline taste and a peculiar odour, 
oozes from it, which is called the serocity. This fluid has gene- 
rally been considered as holding gelatine in solution; but Dr. fios- 
,tock has found reason to doubt the accuracy of the opinion; ia 
which conclusion he is supported by Brande and.Berzelius. 

Mr. Brande coagulated two fluid ounces of serum, and digested 
the coa^ulum, cut into slices, in four fluid ounces of distilled wa- 
ter, which was afterward separated by means of a filter. The 
liquid, when evaporated to half an ounce, gelatinized on cooling, 
and \vas precipitated by an infusion of tan; but this effect might 
equally well be produced by the presence of albumen; and decisive 
evidence of the presence of the latter substance was obtained, by 
placing some of the fluid in the Voltaic circuit, when a rapid co- 
agulation of albumen took place round the negative wire. After 
having coagulated, by Galvanic electricity, all the albumen of a 
portion of serum, the residuary liquor gave no hidications of ge- 
latine. Mr. Brande, therefore, infers, that the serosity consists of 
albumen^ in combination with a large proportion of alkali.| 

The serosity, according to Berzelius, contains no sulphuric acid, 
and only a vestige of the phosphoric; but it consists of water, of 
pure soda holding albumen in solution, of muriates of soda and 
potash, of lactate of soda, and an animal matter, which always ac- 
companies the lactate.§ The solid contents of the serosity, Dr. 
Bostock finds to vary from one 46th to one 70th of its weight; but 
on an average, they may be stated at one 50th. It has beefi a sub- 
ject of controversyJI which of the mineral alkalies exists in senim 
in an uncombined form. Dr. Pearson maintains that it is potash; 
but Drs Bostock, Berzelius, aud Marcet, allege that it is soda; a^ 
the evidence preponderates in favour of the latter opinion. 

When serum is evaporated, at a heat below that required for its 
coagulation, it yields a yellowish semi-transparent mass, resem- 
bling amber, that splits to pieces in drying, and amounts to about 

♦Thomson's Annals, iv. 339. f Journal of Science, &c. ii. 246- • 

1 Phil. Trans. 1812. { Thomson's Annals, ii. 201 . 

H See Medico-Ciiir. Trans, ii. 356, 368; and Nichdson's Joomal) foiM- 
XXX. xxxi. xxxiii. 
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95 gUftlhs {ram lOMof'serum. This substance softena^ in water^ 
and becomes vgelatinoQs; and about 36 per cent, of its weight are 
dissolved^ {Old ma^ be passed^ through a filter. The insoluble part 
is 'albumen; and much of this exists, also, in the filtered liquor^ 
beside ihe netttvalsaltsy which have already been mentioned. 

The mineral acids coagulate serum so completely, that no albu- 
men remains in the serosity. The insoluble compounds, which are 
produced, exactly^ resemble those of the same acids with fibrin; 
and* the action of alcohol is the same in both cases. Hence Ber- 
zelius contends, that there is very little difference between albumen 
and fibrin. The only character of distinc^on between them ap-^ 
pears to be, that albumen does liot coagulate spontaneously, but 
requires a high temperature; and from this circumstance^it is less 
rapidly soluble than fibrin in acetic acid. 

The serum of human blood is composed, according to Berze- 
Uus, of 

Water s .' . . . . 905.0 

Albumen &0.0 

Substances soluble in alcohol, viz. 

Muriates of potash and soda ' . ' 6> in o 

Lactate of soda and animal matter • . . ..43 

Subistances soluble in water only: 
Soda, phosphate of soda, and a little animal matter 4. 1 

Loss ...*•... 0.9 



1000. 



This analysis agrees very remarkably with one of Dr. Marcet^ 
who obtained the following ingredients. The substance termed 
by him muco- extractive mattevj is doubtless iinpure lactate of soda; 
and the sulphate of potash, and earthy phosphates, wiere probably 
formed by ,the combustion. 

A thousand parts of human serum contain, 



Water ........ 

Albumen . • • . . . . • 


. . 900.00 
. . 66.80 


Muriates of potash and soda . 


, . 6.60 


Muco-^extractive matter . • . 


4.00 


Subcarbon^te of soda . . • , 


. . 1.65 


Sulphate of potash • • . • 


. . 0.35 


Earthy phosphates 


. - . 0.60 



1000. 



Vogel considers sulphur as another constituent of serum; for he 
finds that when serum is kept for some days, at the temperature of 
between 75'» and 00^ Fahrenheiti a gas exhales from it, whioh 
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rentiers legible characters .written on pftfier -wtlii acetate sf^ilcad.* 
This experiment was found to answer with the bile oad urine; bot 
it can scarcely be regarded as a proof, that the blood comisins sol^ 
phur (19 8ueh^ or in any state but that of intimate combination. The 
same chemist has endeavoured to establish the presence, of ctrbo* 
nic acid in blood when recently drawnf from a vein*. 

The crassatnentum or clot is Tesoivable into two parts, vir.wbat 
h^s been called coagulable lymph or^drio, and red globules. The 
separation may be accomplished by long continued washing with 
water, whtch dissolves the red globules only, and- leaves the fibm. 
Its properties differ scarcely at all from those of fibrin obtained bjr 
the long boiling of muscular ^flesh. 

^Ibrin^ as it is contained in the bloo^, is held in a state =of solo- 
tion; aud it is still a question to what cause its spontaneous coagu- 
lation is owjng. That it does not arise fpom the absorption of oxy- 
gen, is plain froni the fact that blood, by exposure to oxygen gas, 
has its coagulation retarded. Hydrogen gas^ also, delays its co- 
agulation; but carbonic acid, nitrous, and nitrogen gases accelerate 
it. In vacuoy Mr. Hunter states that it occurs at the usual period; 
but it is not easy to conceive under what cireumstances such an 
experiment could be fairly made. When intercepted in a living 
vessel, as by placing ligatures on a vein, Mr. Hewson found that 
blood remained imperfectly fluid for several hours. That mere 
rest is not sufficient to produte its coag^ulation, appears, also, from 
the fact, that the blood continues fluid incases Whc^re^he circula- 
tion is suspended throughout the whole system; as .in fainting, Jffld 
in suffocation from drowning and other>causes. The coagulability 
of fibrin is destroyed, also, without our being able to explain the 
fact, in animals killed by electricity and lightning; by a blow on 
the stomach; by the poison of the viper; or by violent passions of 
the mind. In some diseases, on the contrary^ its tendency to co- 
agulation Is greatly increased. 

The red. globules of the blood (that pait to which its pteculiar 
colour is owing) were first attentively observed and accurately de- 
scribed by Mr. HewsoAi. As their name importe, they have a glo- 
bular figure, which is sufficiently yisible with the aid of the micro- 
scope. They appear to dissolve readily in water, lanfd tinge it with 
their own ^eciHiar colour; but Dr. Young finds that the globule 
remains entire, though colouTiess. Th^y are soluble in alkalies, 
acids, and ail<:ohol, but not in the serum. The wtitery liquid turns 
syrup of violette green; and, after some time, deposits a ^occulent 
precipitate, doubtless from the coagulation of albumen, the pre- » 
sence of which is imlicated, also, by the effect of boiling the solo- 
.tion. It seems .^ consist of albumen, dissolved by an excess of 
pure soda. When evaporated and calcined in a crucible, a resi- 
duum is obtained, amounting to about four lOOOths of the weight 
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^f solid matter, andteomposed, according to Foorcroy and Vauquc- 
Kii, ehieftf of sub-phosphate of iron. - 

It has been amtended that the red colour of the blood is owing 
to the iron which it contains, but this opinion has been rendered 
extremely questionable by the experiments of Mr* Brande. Ber- 
zelius, indeed, had found that a quantity of oxide of iron exists ia 
the ashes of the colouring mattter; while none^ or at least an in- 
finitely smaQ portion, is afforded by the other ingredients of blood. 
He cut the crassamentuna into thin slices, and placed them on 
blotting paper; and afterthis bad ceased to draw out any moisture^ 
he dri&d the slices. Four hundred grains of the dried substance 
left, after incineration, 5 grains of ashes, which were composed 
(suppositig 100 to have been operated on) of 

Oxide of iron ........ ^ 50.0 

Sub'phosphate of iron 7.5 

Phosphate of lime with a«mall quantity of magnesia 6.0 

Pore lime 20.0 

Carbonic acid ahd loss . . , ^ . 16<5 

100. 

The iron in colouring matter is not, Berzelius admits, in such a 
state, as to be capable of being detected by the nicest tests of that 
metal, until the composition of the colouring matter is destroyed 
by combustion. Nor is there any truth in the synthetic proof al- 
leged by Fourcroy j that aubfikosfihate of iron dissolves in albumen, 
and imparts to it a bright red colour, resembling that of blopd. 

To procure the colouring matter of blood in a detached state, 
Mr. Brande employed venous blood, stirred during its coagulation. 
The fibrin is thus removed; apd the colouring matter Is diffuaed 
through the serum, from which it gradually subsides in a very con- 
centrated form, it retaitTS, indeed, some serum; but this does not 
mterler^ with the effects of various agents upon the colouring 
principle. 

The vqueous solution has a bright red colour, and is not very 
prone to putrefection. It is not altered by any temperature below 
190^ or 300<* ^Fahrenheit; but, at higher temperatures, it becomes 
turbid, and deposits a pale brown sediment; If the fluid be poVtred 
wpon a fihre, water passes through colourless; so that exposure to 
heat destroys the solubility of colouring matter. 

Dilated ^iphuric and muriatic acids, and acetic, oxalic, citric, 
and tartaric acids, dissolve the colouring matter, and extract it 
from the crassamentum. The solution has more or less ota scarlet 
hue, according to the acid employed; but it is always green, when 
viewed, in Tiai*row tubes, by transmitted light. Nitric acid destroys 
the refd colour, and converts it to a brown. 

The pure atid carbonated alkalies dissolve the red matter, the 
colour of vi^ch remains unimpaired. Tlie solution in liquid am- 
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monia approaches nearest to scarlet. Whew^tbese solutions are 
supersaturated with muriatic or sulpliuric acids, the.liquid acquire* 
a colout*, similar to the original solution of the coioaring matter by 
those acids. 

Alumine cannot be brought to form a permanent red compoiiiTMi 
Vith the colouring principle of the blood. But when the colouring 
matter is left to stand a few days, in contact with a solution of the 
crystallized muriate of tin, a bright red powderprecipitates, which 
is a combination of the colouring matter with oxide of tin. Whea 
kept in water, it sustains no change of colour; but whcai dried 
by exposure to air, it loses its brilliant tint, and assumes a doll 
red Jjue. 

The most effectual mordaunts, which Mr. Brande discovered for 
the colouring matter, are solutions of mercury (especially nitrate) ' 
and corrosive sublimate* When either of thtjse salts was added to 
a watery solution of the colouring matter, a deep red compound 
was deposited, and the liquid became colourless. Woollen cloth^ 
also, first impregnated in these solutions, and then dipped into the 
aqueous solution of colouring matter, acquired a permanent red 
dye, unalterable by washing with soap. 

It appears, therefore, that the colouring principle of the blood 
is an animal substance of a peculiar nature, susceptible, like the 
colouring matter from vegetables, of uniting with bases, and ad- 
mitting, probably, of important use in the art of dyeing. On exa- 
' mining the colouring matter, distinctly from the crassamentum, 
Mr. Brande did not discover a greater proportibn of iron, than in 
the other principles of blood; and the theory may, therefore, be 
considered as completely set aside, which accounts for the red 
colour of the blood by the presence of iron. 
. The conclusions of Mr. Brande have been ]>ately confirmed hj 
Vauquelin, who recommends the following method of obtaining) in 
a separate form, the colouring matter of tie blood. 

Let the coagulum of blood, well drained upon a hair sieve, be 
digested in four times its weight of sulphuric acid diluted with* 
double proportion of water, at the temperature of 160*^ Fahrenheit, 
for five or six hours. Filter the liquor while yet hot, and wash the 
residuum with a quantity of hot water, equal in weight to the acid 
which has been employed. Concentrate the liquor to half its bulk; 
then add pure ammonia, till there remains only a slight excess of 
acid. After having agitated the liquor, allow it to stand, and a 
purple sediment will be deposited. This sediment is to be washed 
with distilled water, till the washings cease to precipitate the Jiitrate 
of barytes. It may then be drained on filtering paper, and dried at 
a very gentle heat. 

Wiien dry, it is destitute of taste and smell. It resembles jet in 
colour, fracture, and lustre. When moistened with water, it as- 
sumes a wine red colour, but does not dissolve in that fluid. A^ 
acid and alkaline liquids, it readily dissolves, and communicates 
to them a purple polour. Its acid solutions are not precipitated oj 
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gallic ac.id or by prussi'ate of potash, ^fus proviiig' the slbaence of 
iron. Infusion of galis^ however, precipitates it without any change 
of colour. It i» soluble in diluted nitric acid, without being disco- » 
loured, nor is this effect produced by nitrate of silver; but it is 
completely discoloured by nitrate of lead, which throws down a 
brown precipitate.* 

In. opposition to these experiments, it is still maintained by Ber- 
zelius, that the colouring matter of the blood contains iron, not 
itld^ed discoverable by re-agents, but decisively proved to exist 
n its ashes. In every respect except in containing that inetal, the 
contouring matter of the blood agrees with fibrin and albumen, and 
he* seems disposed to believe that its colour, though not depending 
on the pi^sence merely of an oxide of iron, may be produced by a 
compound of which that oxide is an essential part.t 
"i It is doubtless on the red globules of the blood that the different 
'gases act, which produce such remarkable changes in the colour 
of thfi entk'e fluid. Nitrogen gas blackens arterial bloody and, ac- 
cording to Girtanne'r, venous blood also. In an experiment of Dn 
Priestley, it appeared that the bulk of a quantity of nitrogen gas, 
to which arterial blood was exposed^ sustained a diminution. Blood, 
Vhich has had its colour thus impaired, it was found by the same* 
philosopher, may be restored to its bright florid hue, by agitation 
whh oxygen gas; and- these changes may, at pleasure, be repeated 
alternately. Oxygen gas, to which blood is exposed, is diminished 
in volume, and contaminated by carbonic acid. Atmospheric air 
undergoes the same change in consequence of the oxygen which v 
it contains; but in a less remarkable degree. 

Similar alterations are, aho, constantly going on in the blood, 
during its circulation through the living body. In the veins it is of 
a dark red coolur, inclining to purple. In this state it arrives at the 
right ventricle of the heart, by the contraction of which it is driven 
itito* the pulmonary artery. This artery is distributed, by extremely 
minute ramifications, over the whole surface of the air-cells of the 
hmgs; and, in these, the blood is exposed to the action of atmos- 
pherical air, through the slehder coats of the bloodvessels. Here 
It acquires a bright vermillion colour; and, returning to the left 
ventricle of the heart by ihe pulmonary veins, it is distributed, by 
the contraction of this ventricle, through the whole body. . In its 
courae it loses its florid colour, and, after traveming the system, re- 
turns to the lungs, to be once more fitted for the performance of 
its functions. . ' 

The function of RESPIRATION consists of two distinct actions, that 
e£ insfiiration^ by which the air is drawn into the lungs; and that 
of exTfiiration^ by which it is expelled, after having served the pur- 
pose lor which it was inhaled. By an easy natural inspiration, about 
twenty cubic inches npay, perhaps, on an average, be the quantity 

i 
* Aon. de Chim. et Phys. i. 9, or Thomson's Ann. viii. 230. 
f Ann, de Chiip. et Phys. v. 42, 
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taken in. It appears, ah&$ itovei tlie^reeent experiments of Messrs. 
Allen and Pepys,* that the same quantity is expired, with Iittl«if 
any diminution. Atmospheric air, after being once only admitted 
into the lungs, returns charged with 8 or 8 J fier cent, of carbonic 
acid gas. If the same portion be breathed repeatedly, considerable 
uneasiness is experienced; but the quantity of carbonic acid caoiiot 
be increased beyond 10 fier cent. When the state of the expired 
air is examined by eudiometrical tests, a, quantity of oxygen is 
found to have disappeared, equal in volume, according to the ei- 
periments of the same accurate chemists, to the carbonic acid \rt»idi 
has been formed. Now as carbonic acid has been proved to con* 
tain exactly its own bulk of oxygen gas, it follows that all theoxy- 
/ gen, which disappears in respiration, must have been expended in 
forming this acid; and that no portion of it has united with hydro- 
gen to form water. It may still, however, be doubted, whether the 
oxygen is absorbed through the coats of the vessels, and displaces 
carbonic acid, which may be supposed to have pre-existed Hk the 
blood; or whether this acid be not rather generated by th^ ueioBof 
the inspired oxygen with the carbon of that fluid. Of the two sup- 
positions, the latter appears to be the most probable. 
^ The only change, then, that has been satisfactorily proved to 
take place in respired atmospherical air, is the removal of a cer- 
tain quantity of oxygen (its nitrogen being whojly untouched,) and 
the substitution of a precisely equal volume of carbonic acid psa 
When, however, pure oxygen gas is respired by iui herbivorous 
animal, Messrs. Allen and Pepys have found that it caonot all be 
traced into this combination; but that a portion of oxygen has dis- 
appeared, and has been replaced by a corresponding qu^tity of 
nitrogen.t The addition of nitrogen appears to be made also, 
when a mixture of hydrogen and oxygen gases is breathed, la 
which the latter is in the same proportion as in atmospherical ^' 
This mixture, it was found, may be respired for an hour without 
inconvenience. The substitution of nitrogen for the oxygen origi- 
nally inhaled is a fact of considerable importance, and in ih« F** 
sent state of our knowledge altogether inexplicable. 

Besides carbonic acid, a portion of watery vapour is emitted 
from the lungs, and in a quantity sufficient to be visible when ih© 
atmosphere is of a low temperature. From various experimenisj 
it may be inferred to amount to about three grains in a minate. 
Until lately the water, thus exhaled, was supposed to be generated 
in the lungs, by the union of the inspired oxygen witjh the hydro- 
gen of the blood; but this hypothesis is inconsistent with the ex- 
periments of Messrs. Allen and Pepys, which have traced the whole 
of the oxygen into combination with carbon. It is probibly there^ 
fore nothing more than the condensed vapour of a portion of tbw 
fluid, which is ordinarily secreted into the liropchial cells. 

* Philosophical Transactions, 1808. f I^i^^* ^^^ 



An impdHaoit ^nrpose df the feiurlioii of resipiratioo is, tbat it 
co0trU»ites to that equable temperature, #hich the animal bedy 
preserves^ amidst, all the changes in the surroundiii^ medium. 
Thii» is pecuUarlf the property of living matter; for alf other bodies 
^have the sanie degree of heat with the substances that are in con- 
tact with them* In thef human body, the tempejrature varies onlf 
. a very few degrees vfironv 96,® whethi6r it be exposed to a cold of 
n^mf degte^es below the freezing pointy ori^h ether it be surround- 
ed by an atmosphere, little short of the heat of boiling water. 
There must> then, be c^rtai* processes in the animal economy, by 
Which^ in the former case, caloric is reduced from a latent form to 
that of tenyperature; and, in the latter ca$e9 by Which the great ex-^ 
cess of ^caloric is absorbed^ ahd prevented from becoming inju« 
riotis by it» {accumulation. 

We are ignorant of tho^e precise differences,; which constitute 
the 'distinction between venous and arterial bl6od^ dr in what way 
the functid|i of respir^tic^ converts th^ formeit into the latter. A 
fact) however of considerable importance^ on this subject, has been 
discovered by Dr. Crawford. The capacity >of arterial blood for 
caloric he found to be superior to that bf Vcnpus blood, in the pro* 
portion oft lOSp'to 8ift,\ When, therefore, arterial blood is coh-* 
verted into venous, a considerable quantity of caloric must pass 
from 4 latent to si free state^ and must prove an abundant source of 
ttaip^rature."^ Now this is |)recisely what is constantly taking 
place in the body. Caloric is evolved by. the combination of the 
inspired oxygen with carbon; but as the capacity of blood for calo« 
tic is, at the same time, enlarged, its temperature is not raised by 
being thus arlerialized. In its progressi through the system,, the 
blood agiin suffers a diminution of capacity; and the caloric, which 
it h^d carried in a iateiit form to the remotest extremities, is extri* 
cated, and applied to the support of animal temperature. This 
theory expls^ns why the heat is not excessive in the lungs, but is 
equally distvibuted over the whole body. In animds; placed in a 
high temperature. Dr. Crawford has added the important fact, that 
the change of arterial: into venous blood does not go on; and no 
Addition of temperature is, therefore, derived from this source. 
Another cause, limiting the heat of the body under such circum- 
Stahces, is the exCessjlve evaporation which takes place from the 
surface of the skin, and which is indicated by a loss of weight of 
no inconsiderable amount.* ' - . » ■.'■'■ 

;It is not in the Imrgs only that the^blood exerts an action on at* 
mospheiieal air^for a similar function, it appears, belongs to tho 
skin.throughoQt the whole body. If the hand be/con&hed m a por« 
tion'of atmospherital air or oxygen gas, it has been^ ascertained 
that the oxygen disappears, and is replaced by a portion of carbo* 
nic acid. At theiiSame time, a considerable quancity of watery 
fluid transpires^ and may be collected by a proper apparatus. 

• . ' ' » 

*Nkbobau'»Jwua»l,Xm.i\9i. 
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The blood 19 tmbserviciit to sevend important uses ia the animd 
^MonoBiy. It is a aource; from which are constantly prepared a 
Tarlety of other substances^ both solid iemd fluid) that are easendii 
to our ^ell b^ng) and even to our existence. From the bloed ii 
derived the solid matter of the bones themselves; it does not, hov' 
ever, exist in the blood, in the state* of sub-phosphate ^f lime or 
bone. earth; but appears to be produced, ^rom the ultimate ele- 
ments of blood, on the very spot where its presence is reqairei* 
The muscles, which are foted to the bones, and whichyactiingaf 
l^ers, enable us to change our mtuation at pleasure, are refenible 
to the same source; and so also is idl the variety of animal fiuids, 
which perform a necessary part in the economy of this conifiiicated 
machine. The solids and fluids^ thus produced, are sometimtt 
elaborated by complicated organs called glands, and are (faea 
termed secretions. . A sufficiently exact and comprehensive know- 
ledge of the business of secretion would have been attained if wo 
vere able to discover, in the secreted solids or fluids, sUbataoces 
anal^^^ous to those which are found in the blood, and no others. 
But in many secretions we find principles bearing^no restoblance 
to albumen, fibrin, or any of. those fluids that form the proximate 
elements of the blood. In these cases, nature must have gone 
farther in the work of separation; and, after disuniting the oiti^ate 
principles of the blood, have re*combined them in a new manner 
and in different proportions. This ia a species, of synthesis, which 
we have bitherto not been able tojmitate in subatances of the ani" 
mal kuigdom^ and in very few instances even In vegetable pro* 
ducts* 



SECTION II. 

•' ^ . ■ ' 

Of the Secretiona suBservient to Digeetton; viz. the SaHvifj the 
Gastric and Pancreatic Juices^ und the BUe. 

Sa2<iva is a liquid secreted by certain glands, and poured into 
the mouth, lor the purpose of being tnix^ with the food during 
mastication. It is a slightly viscid Uquor, of a saltish taste, desti' 
tute of smell, and of a white colour; or with a slight tinge of blue. 
Its specific gravity, according to Hsdler, is aft 1960 to 16T5, or, ac- 
cording to Sicbold, as 1080^ to 1000. The latter author has com- 
pared its consistenoe to that of a solution oi oiie part of gum in 
forty- parts of water. It is neither acid nor alkaline, and has there- 
fore no effect on blue vegetable colours. Its quantity varies con- 
siderably. Nuck has estimated it at eight or ten ounces duly; 
and, during a mercurial salivation, several pints flow in the same 
interval.t ^ 

Saliva, when evaporated by.a gentle heat to dryness^ yields onlf 

* Berzelias's AvmaX Chettistiy, p. 19* f Foarcrcs^, S|yst6me, 4to. v.S^/ 
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a yery «9ial| proi»ort3oB of dry extract in- thin sMiii«tran8pai?ent 
plateii «r if the process be stopped when about a third only re- 
mainSf crystals of muriate of soda ai*e formed. Estposed to the 
air, it appears to- absorb oxygen^ and beaomea of a thicker con- 
sistMicey whitish fiocculi at ^ same iime separating from it. 

There is some dillicalty in effecting the diffusion of salira 
through waten Imt this may be accomplished b}r rubbing the two 
fluids together in. a mortar. The solutioi;!, which is thus obtained, 
was subjected to the action of tests by Dr. Bostock.'^ Oxymuriato 
of mercury produced no immediate effect; but» after some hoursy 
a Ught fioccttlent coagulum separated, leaving tjfie liquid nearly 
transparent. The same test produced a still less striking effect in 
the filtered pordOB of some aalivs^ which had been several' days 
exposed to tibe atmosphere. Infosion of galls precipitated white 
flakes, from the recent but not from the filtered liquor. The Al- 
tered fluid was copiously precipitated by Goulard's extract, and 
by nitro-muriate of ^« From these experiments, Dr. Bostoek 
infers, that saliva contains coagulated albumen, and also a quantitf 
olnuicHs and muriate^f soda, but no gelatine. To the quantitieii' 
#f eaeb) he considers the following as an approximation: 

' .J • • " ■ , ■ • 

Water ^ •....•. So 
Coagulated albumen • • • 8 

Mucus . . . , • . -• II ; ' ». 

Satine substances • • • « 4: 



iOO, * , 

• ■ ■ - " 

Berzelius has lately published a more e^pact analysis of salivarl 
Its constitu^ita are 

Water . . . * . ... . . 9W.9 

A pecul^r animal matter ^ • • 2.9 

Mucus ... • • « «- , • • ' ' 14 

Alkaline muriates . . « /« ^r « l.f 

Lactate of soda and animal matter • #.9 

' Puro soda • » • . • • , •- • 0.t 
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When exposed to the agency of galvani^i ekiitrieity, Mr. Brand* 
has found that saliva, even after being first boiled in water, givee 
an abundant coagulation, and a separation of alkali rotind the ne^ 
gatif e pok, though neither acids, Aor any of the common agents^ 
showed the presence of aUbumen. Henee it appears diat this subf 
stance may form part of an animal fluid, and yet not be discovera^ 
ble by the common tests* In iaUvay Mr* Brande supposes that it 

. *» Nidiobwi's Jnamal, xi?. 147. f Tkoamuk^M Annaliy ML IflFf 



i 

> i 



-I 



« -M. ft_>*.J. 



96* 



eOMPEBX AlTlIf AL FRODUOTS. 



•HAF« xxnr^ 



Is united with an alktili (probably soda) whkh, in this state of con^ 
bina^ion, loses its property of affecting vegetable colours.* 

THe oASTHio JUICE is a Ruid which is poured out upon the inner 
surface of the stomach, and is possessed of very extraordinarf 
powers as absolvent. One of the great obstacles to an aecuratft 
analysis of it is the difficulty Of procuring it sufficiently pure^ and 
free from admixture with the contents of the stomach. It has 
been generally collected from animals, which haTe been kept^ €or 
some time before being killed, without food. In this^ state, it is a 
transparent liquor, having a saline aiid somewhat bitter taste, and 
containing neither uncombined acid nor alkali. It. precip^tes 
mtrate of silver; and, when evaporated, gives a solid residuum^ 
which is deliquescent; and has an unpleasant smell. By the action 
of acids, a small proportion of albumen is discovered in it, and 
gelatine or- mucus remains in solution. Vauquetia always found 
phosphoric acid in the gastric juice of herbivorous animals, whilst, 
on the other hand, that of man and ^carnivorous animals seldom 
gave any visible traces of free acid or alkali. 

This imperfect account of the properties of the gastric juice 
affords, however, no explanation of the solvent power, which- it 
exerts on all animal and vegetable substances. Even out of Uie 
body it appears, from the experimems of Spallanzani, to retard 
the putrefaction of animal substances, and to reduce them to a 
state somewhat similar to that, in which they are found afit^ hav- 
ing been some time in the stomach. On substances taken into 
that organ its solvent power is even still more remarkable. In Dr, 
Stevens's experiment, hollow silver spheres, perforated with small 
holes and containing animal and vegetable food, were swallowed 
by a man who possessed the faculty of doing this without injury^ 
and with the result that the food was always dissolved^ and the 
vessel voided in an empty state. After death, it appears from the 
observations i>f Mr. Hunter,. that the stomach itself is sometimes 
eroded by the gastric juice, large holes having beeii found in it 
from the action of that fluid. These fa^s, as well as the power 
of the gastric juice in coagulating milk, are quite inexplicabie oa 
any known principle. 

The PANcitBATio JUICE has not been examined with any atten- 
tion. The only observations which we possess respecting it, a^ 
those of Dr. Fordyce. He found it to be a colourless liquid, 
slightly saline to the Uste. By evaporation, muriate of soda waa 
ebtaineid, ctiid the same salt was indicated also by nitrate of silrer. 
Hence we m|ty conclude it to be analogous in composition to the 
saliva. 

The BXLS is one of these fluids, which haa attraoted peeuUailf 
the notice of the chemists, and which is, therefore, better imder- 
stood than most others. It is to the labours of Fourcroy, and still 
more recently of Thenaxd^t who has published two monoxrs oa 

*I1kib)toi«ucalTlaaM»lJoiii^l809. . f Jiiteohm ^AieaMl feL L 
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the biley IliM we lu^e chiefiy indebted ^r cMur knowledgeof its com* 
position. ^ 

The bile of the ox^ froip the greater quantity of it which may be 
procnred^ has been mostly the subject of e^perii^eni, Its,coloiflf 
is oommonly 3^}oivish green, and very rarely deep gi^en^ Whei:^ 
mixed with syrup of violiets or infusipn of t'ur^sole^ it produeesvmi 
other change ttian what any-other liquid of the same colour would 
effect* Its taste is bitter and at the seOat time, sweetish, and ^x** 
eessavely nauseous. Its smell is peculiar; rand something like thst 
of melted fat. Its spK^cific grayity ^s 1026^ its consistence variable; 
from that o^a thin iriucilage to that of synovia. Soitvetimes it is 
limpid, and^ at others, contains fiocculi of a yellow matter, whicli 
may eamly be separated by water. 

• When submitied lo heat^ ox*bile first de|}0sits a portion of co- 
agulated mattery and yields a liquid, which has the peculiar smell 
of bile, and which thrpws down a white precipitate from acetate of 
lead. The solid residuum has a yellowish green colour; is verf^ 
bitter; somewhat deliquescecft; and entirely soluble in water and in 
alcohol. - It melts at a moderate heat, and is decomposed by a still 
stronger one/ the products being more oil, and less carbonate of 
ammonia, than from ammal matters in general. A very bulky coal 
cbnt&ining several neutratsaltsretnains in the retort. The salts ex« 
tracted from this coal, taking them in the order of their quantities^ 
are muriate of soda, phosphate of soda, phosphate of lime, and 
sulphate of soda. Traces, also, are discovered of oxide of iron. . 

The uncombdped soda in bile does not .exceed one SOOth its 
weight; «nd as this very minute quantity of alkali miist be quite' 
incapable of dissolving the large proportion of resin, which exists^ 
in that fiuid, Thenard was induced to turn his attention to the dis- 
covery of some other solv^it of resin, existing as a component of 
bile. Acetate of lead (the common s^gar of lead of cqmmerce> 
preeipitates, he found, ikot ph]^ the resin, but the peculiar sub-> 
stance of which: he .was in search, in union with 6xide of lead* 
But an acetate with a larger proportion of base (formed from 
eighftparts.Of sugar Of lead and one of litharge) produced a diffe- 
rent effect; and precipitated only the albumen and the resin* 
When the regaining liquid was filtered, and the lead separated 
by sulphureted hydrogen- gas^ it gave^ on evaporation, a residue 
having less bitterness and considerably sweeter. In this state, 
the solvent of the ripain could not be considered as pure, since it 
retained in solutioii a quantity of acetate of soda, arising from the 
decomposition^ by the acetate of lead, of the salts of ^da existing 
in tbe bile. He again, therefore, precipitated the solution by ace* 
tate of lead saturated with 03^de, and obtained an insojfuble com* 
pound of the pecutiar matter and oxide of lead. This was dis^ 
solved in vinegar, the oxide of lead separated by sulphureted 
hydrogen, and the acid expelled by evaporation^ • 

This substance, to which Thenard has given the name offiiero* 
^^^ {tossesses the property of rendeiittg4be resm of bile easij^ 
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^loble in water. Thrae part» are STiffici^rt . to one of rthe reihi. 

The characters of picromel are> ths^t it is itisoluble in water and 
alcohol, and incapable of being, crystallized; t)iat it precipHates ni- 
trate of mercury and acetate of lead with excess of oxide; and that 
it forms, with resin and a minute quantity of soda, a triple com- 
pounds which is not^deeomposabljp by acids nor by alkaline or 
eai:thy salu. 

The resin is to be considered as the cause of the ftmell^ and^ia 
great part, of the. colour and taste of the bile. It is solid; yerj 
bitter; ^nd^when pure, green; but when melted it passes tayel* 
low. It is soluble in alcohol and in pure alkalies, and is precipi^ 
table from the former by water, and from the laiter by ac^ds* 

The yellow matter appears to be peculiar to the bile, and to 
possess characters .distinct from those of other animal substances. 
Its presence seems to render the bile putrescent; and it.isi also, 
the source of the concretions, which form in the gaU-bladders of 
oxen. Insoluble by itself, it becomes soluble by the intervention 
of soda, resin, and picromel; and, whatever be the solvent, it if 
precipitated by acids.— In the analysis 6f bile, the first step was 
to separate this yellow matter, |(y adding nitric add^ and to free it 
from the portion of resin which, adheres to it. Into the r^naind^, 
acetate of lead witkjexcess of oxide (prepared as already directed) 
was poured, and an insoluble compound was formed, consisting of 
oxide of lead and resin, from w^ich nitric acid detached the latter 
in the atate of soft green flakes. Sulphnreted hydrog^i was thea 
passed through the liquid, which was separated by filtration from 
the orecipitate and evaporated to dryness. ^ Deductings from its 
weight, that of the acetate of soda formed by the decompositiaB o£ 
acetate of lead, the weight of picromel was obtained. The saline 
substances were determined by calcination, lixiviating and ether 
common. processes. . ... 

In this way, the composition of ox-bile was determined as 
fellows: ^ « 



Water • . . , ,^ . , 




TOO or aiii$ie more* 


Resin • • • « • * « 




24. 


Picromel ..... ^ • .. , 




60.5 


Yellow matter ^ • . , 


> 


vimabic^n thU^ ca»e 4. 


Soda • . - • • • V 4 




4 


Phosphate of soda . i. i 




5 , 


Muriate of soda.* p « . 




, 3.2 


Sulj>hate of soda • • . 




o.a 


Phosphate of lin^e . •* 




1.2 


Oxide of iron • . « « 


• • 


» . a irace% 
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^he bile of the dog, the sheep, the cat, and the calf, was found 
Ml analyua to be predscij similar to that of the ox^ The bile pf 
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the ptgy 6fi the <:6titfait, contained neither atbumeti, yeQoir mat- 
ter) nor pieromel^ It consisted merely of resin In great quantity, 
of soda, and of salts, the nature of which has not yet been ascer<* 
tained. ' It was entirely decomposed by acids, and even by the 
weakest, the acetic. - v . ^ 

Berzelhis denies the presence' of resin in bile,* and asserts that 
it is not possible to repeat the analysis of that fluid, by the pro-< 
cesj^es which Thenard has described* The substance, he alleges^ 
whichtin bile, resembles' resin, is precipital^e by acids; and the 
precipitate is a compound of the acid employed with the green 
colouring matter of bite. Wheirwe use sulphuric acid with heat, 
a greeniiqttid is obtained resembling a resin; and after saturating 
the acid with carbonate of barytes, dke green matteris soluble in 
water, to which it imparts its Qwn colour and bitterness. This is 
the characteristic ingredient of bile. Which fierzelius calls Miliary 
guatter. He finds bile composed of 

Water ...... ^ ...;. . ^or.4 

Biliary matter . . ♦ . . . • • i» . , 80.0 

> Mucus of the galbbladdelr # 3j9 

Alkaliei and salts common to all animal fluids 9.6 
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The bile'^of birdK contains a large quantity of albuminous mat- 
ter. The pictom^, which is extracted from it,' is net sensibly^ 
tfWeet; but on the contrary has a sharp and bitter taste. It contains 
IT mere trace of soda^ and does -not precipkate i^e super-^acetate of 
lead. 

HvMLH mtM^ was, also, an ob|ect of Mr. Thenard's researches;^ 
and his experiments, he is of opihion, have led him to a& accui*ate 
a knowledge of it, as of any other species. — Its colour varies con* 
aideral^y; sometimes it is green, almost ail ways brownish yellow,* 
and sometimes it is without colour. Its taste is not very^ bitter. 
It is s^dom perfectly limpid; for it generally holds suspended in 
it a- certain quantity of yellow matter, which is sometimes even 
present in such quantity, as to render the bile clotted. When it it 
filtered, and submitted to a boiling heat, it becomes thick and 
emits the smell of white of egg. Evaporated to dryness, it affords 
^an extract, which is equal to one^ 1 1th the weight of the bile. This 
extract, by calcination, affords precisely the same salts as are 
foimd in ox-bile, t//r« uncombined soda; muriate, sulphate, and 
phosphate of soda; phosphate of lime; and oxide of Iron. 

.AUthe acids decompose -human bile, and precipitate fh>m it a 
hrge quantity of albumen and of resin. These may be separated 
from each other by alcohol. By the application of acetate of lead, 
BO picromel eau be discovered; nor is any other in^edient fouo4 

* 71 AaD.de 4:!Wm.S99. ^ 
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in hunum tiUe tbati yellow matter^ albumeii^ ream, aiMi f(»lnie aA- 
atances* The proportions, aaceitaiiied by Thenardi ar^ the U* 
towing: 

Water .............. ^. 1000» 

Yellow matter, inaoluble and floating in tbe?* Iq 
bile, a variable quantity from 2 (o^ • • > 

Yellow maitter in solution > . • • tfirseii 

Albumen' « ••••••»»..«••• 43 

Re»n . • • • , • • . 41 

Soda .. ^ ...... . . * . * • '5.6 

Phospbates of soda and lime, sulphate ,atid> ^^ 

muriate of aoda, imd oxide of iron. « « ) 

■ ■■■ III I ■ 

' 1100. 



The yellow matter appears to be, in evwy respect, simikrtft 
that of ox*biIe. The resin Is yellowish; very fusible; very hUtet^ 
but less so than that of ox-bile; soluble m aleohoH from, which itii 
preciphttted by water; and soluble in alkalies, f^om which it i» 
thrown down by acidst. In water it appears scarcely to dissolvef and 
yet sulphuric and nitric *^ acids occa^on a precipitate from wattt 
which has been digested on it. 

If bile be submitted to the action of galvanitm, Mr. Brands has 
found thfit coagulaliDn takes plaoe at the negative pole, i^re 
aodi^ also appears. At ^e posidve pole, muriatic |nd phosphoiic 
acida are evolved. ^ 

BiLUKT oALcuu. The composition of biliary concvetieniiiffeif I 
in different animals. Those of the ox contain traces of bile, which ' 
la removable by the actidn of water, after which they are entireij 
destitute of taste and uneli. Their colour is a yelk>w of so much 
beauty as tb render them a valuable pigment. They undergo oo 
change. at a heat below redness; but at this temperature tl^y metl 
andswell^ and after yielding the uaual animal pi»ducts,glveAbo8t 
one sixth their we^^ht of a white matter whieh is phosphate « 
lime. They are nearly insoluble both tii water and in alcc^l; w 
with some difficulty in alkalies, from which, they are preeipitsted^ 
ia gr^en flocculi^ by acids. Boiling muriatic acid takes up oaly & 
amaU quantity, and renders them green. 'Hence tbey appear to be 
hbmogeneous; and to possess propf^ties identical with those of the 
]relk)w matter of the bile of oxen, and of human bile.* 

The \:aleuli of the human gall-bladder have been more atten- 
tively examined than those of the ox. It had been long known that 
Ihey enter into fusion at a low temperature, and that the alksiiest 
f^d the fix^d and volatile oils, effect their solution. One of disir 

* l^esfr are the numbers given by Thenard (Mtooires d^ Arca^i »i ^'"O 
but as their som exceeds llOO, it is pfx>foable that the error wiJl bsst bccor- 
rectsd hj re<kiciog tha'proportion of water. 



ftstinttlve character #!ks first pointed OQt by Paullieticf de la Salle, 
iETtz. that of being soluble in boiling alcohol, and precipitabla, on 
cooling, in the form of shining scales. Fourcroy afterwards disco- 
vered several impoitant facts respecting them, and especially theis 
resemblance to the substance which has been already described 
under the name of adi/iocire. 

Of the calculi examined by Thenard, only a small number wer^ 
formed of white plates, crystalline and shining, and entirely adi- 
]pocirous. Many consisted of yellow laminae containing from 8^8 to 
94 fier cent, of adipocire, and six or twelve of a colouring substance. 
A few were greenish on the outside, and yellow in the interior; 
Aeveral were covered, in spots at least, with a blackish brown crust, 
Containing very little adipocire, but internally were like the rest. 
In all, excepting the perfectly white, there were traces of bile, dis- 
coverable by the action of water. Calculi from the intestines were 
found to be similar to those of the gall-bladder. 
• It was, therefore, concluded b^ Fourcroy, that some of the cal- 
culi of the human gall-bladder consist entirely of adipocire; and that 
others are composed of the san>e substance, with the addition of 
a quantity of colouring matter, which is either yellowish or dark 
brown. When of the former colour, it appears not to differ from 
the yellow matter of the bile; and when of the latter, to be the 
•same substance with an excess of carbon. 

• Chevreul, however, has given to the crystallinematter of biliary 
calculi, the name pf cholesterincj because it differs both from sperf 
inaceti and from adipocire in not being capable of affording a soajji 
with alkalies. He has found, also, that when heated with an equsd 
Weight of strong nitric acid, a peculiar acid is formed, which he 
terms the choleHeric. This acid separates on cooling in the forni 
of a yellow substance. It is scarcely soluble in water, but dissolves 
in alcohoil, and may be crystallized by evaporation. The salts, 
which it forms with potash, soda, and ammonia, are vei^ soluble; 
with other bases it gives compounds which are difficultly soluble^ 
By ft hcait above that of boiling water, it is decomposed.* 



SECTION IH. 
Of Milk. 

T«B ihilk li a fluids which is secreted, by animals of the dajoj 
Mamfnnliay for the nourishment of their young. Though differing^ 
considerably in the different species of animals, yet it admits of th^ 
A>)lowing general description: 

It is an opaque liquid, of a white colour, with sometimes a slight 
tege of blue or yellow^ Its taste is sweetish and grateful; bttt ra^ 

* Ann. dcChim. ct Pbys. ru 401. 
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pies occasionally! as does its colour alto,, with the food of the animal. 
Its specific gravity is variable; that of cows' inilk« according tt 
Brisson, being about 1020, and that of ewes' milk 1040. 

The milk may be resolved, partly by standing, and partly bjr 
agents that do not essentially alter the nature of its componentSi 
into three proximate ingredients, the cream,. curd, and whey. 

1. The cream rises, as is well known, to the surface of milk after 
it has stood for some hours; and thre propordon. may be ascertained 
by a very simple instrument, proposed by Mr. Johnson. It ^onsisti 
of a glass tube, 10 inches long, graduated into 100 equal parts, 
into which the recent milk is to be put, for spontaneous separation 
of the cream.* Cream has many* of, the properties of an oil; m 
smooth and unctuous to the touch; and stains cloth in the same 
manner as other fat substances. By standing for some days, it be- 
comes gradually thicker, and at length forms a soft solid, in which 
the flavour of cream is no longer perceived, and that of cheese is 
substituted in its place. CreaiUf of the specific gravity 1.0244, is 
cfomposed, according to Berzelius, of 

. Butter 4.5 

Cheese 3.5 

Whey •..••••.. 92.0 

100. 

But as 92 parts of whey contain 4.4 of sugar of mjilk and salts, it 
follows that cream contains 12.5 p^er cent, of solid l^atter. 

When cream is agitated, as is done by the common process of 
churning, it separates into two parts, a thick animal oil, well known 
by the name of butter, and a fluid which possesses exactly the 
same properties as milk that has been deprived of its credm. This 
change has been supposed to be owing to the combi;iation of the 
cream with the oxygen of the atmosphere; but it takes place, 
though perhaps not equally well, in vessels from which the air is 
excluded. 

Butter has generally a yellow colour and asoft consistence. At 
the temperature of 96 <> or 98°, it melts, and when kept in this sUte 
for some time, a portion both of wliey and curd separate from it 
Its transparency is thus increased, but its taste, at the same time, 
rendered less agreeable. In this state, however, it may be kept 
longer without becoming rancid; and it is not improbable that it is 
in part by combination with the whey, .that salt contributes to the 
preservation of butter. Butter, therefore, may be considered w «» 
animal oil, united with a portion of whey and of curd. 

When milk, ether deprived or not of its cream, is mixed with 
certain substances, or even allowed to stand till it becomes soar, 
it undergoes a change which is called coagulation^ consisting in its 

* Thomsea's Anaab, x. 304. 
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separation into a sdlid substance tbrmed curd; and a fluid called 
whey. This change may be effected by several agents; Ijy all acicls, 
and by itiany neutral salts; by gum, sugar, and certain vegetable 
juites; by the gastric fluid; and especially by the infusion of the 
inner coat of a calf's stomach called rennet. The precipitation by 
acids, Scheele has explained, by supposing that they form, with 
the curd, a combination which requires more water for solution 
than milk contains-* and accordingly the curd is found always to 
contain a portion of that acid by which coagulation has been pro- 
-duced. But, in other cases, the coagulation cannot be thus ac- 
counted for; and is, indeed, altogether inexplicable. Thus the in- 
fusion of a piece of calf's stomach, not larger than half a crown, 
coagulates a quantity of milk sufiicient for making a cheese of 
sixty pounds' weight;t although the quantity of coagulating matter 
cannot in this case exceed a few grains. 

Thpi curd of milk, when pressed^ salted, and partly dried, com* 
poses cheese. In good cheese, however, there is always a large 
proportion of butter, which is enveloped in the curd, and is not 
afterwards easily separable. Curd, therefore, for exhibiting its 
chemical properties,. should be prepared from milk, which has* 
been deprived of cream, and should be made by the intervention 
■of rennet. It is a white solid substance, insoluble in water and in 
akMoI, but readily soluble in pure alkalies, and precipitable there- 
fr^ by acids, though* in a state more like tallow than the original 
curd. During solution in alkalies, a strong smell of ammonia is 
pVoduced; and hence curd appears to be converted, by their action^ 
into volatile alkali and fat. Liquid ammonia also dissolves curd; 
and it appears to be soluble by the pure alkaline earths. From the 
resemblance' of its properties to those of the coagulated white of 
an egg, Scheele was induced to regard cheese as identical with 
albumen; and it is hot improbable that if the curd could be obtained 
perfectly pure, their properties would exactly agree. By the com- 
bustion and calcination of curd, it appears, however, to afford a 
larger proportion of phosphate of lime and other saline substances^ 
than is obtained from the coagulated white of an egg. 

Berz^elius found that the ashes, obtained by incinerating cheese, 
amount to 6.5 per cent, of its weight. The ash consists chiefly of 
earthy phosphates, with a little purfe lime; but contains neither 
alkali nor oxide of iron. Cheese, digested with muriatic acid, loses 
its earthy phosphates, sind afterwards bums without leaving any 
ash. The presence af so large a quantity of the earthy phosphates, 
in the most nutritious part of milk, may be regarded, Berzelius 
justly observes, as a wise provision of nature; and peculiarly adapts 
milk to the nutrition of young animals, in whose economy th^re 
exists the greatest demand for the earthy phosphates^ for the pur- 
pose of ossification. 



^ Essays, p. 267. 
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Cheese U generally considered 03 insoluble in water; bui if it be 
precipitated from milk by sulphuric acid, then well pressed, and 
digested with carbonate of barytea, cheese affords with water a 
yellowish solution resembling a solution of gum. The solutioa 
l)oiled in an open vessel becomes covered with a white pcIUdCf 
precisely as milk does, and acquires the smell of boiled milk 

Cheese produces, with the mineral acids, the same combination 
as albumen and fibrin, though its neutral compounds are less solu- 
ble than those of fibrin. A great e:;cesa of acetic acid is required to 
dissolve cheese, and the neutral compound formed with this acid 
appears to be insoluble. When it has not been completely separa* 
ted from butter, thi^ floats upon the surface of its solution in acetic 
acid. Altohol converts cheese into an adipocirous ana foetid sub- 
stance. 

The whey, or liquid which remains after the separation of all ihe 
curd is a thin and almost transparent fluid, of a yellowish greeo 
colour and a pleasant sweetish taste. It still. contains, generalljfj i 
portion both of curd and of but$er; the former of which may U 
separated by a boiling heat, in the f<^rm of a coagulum. The but- 
tery matter, also, separates by heat, especially if the whey be pre^ 
vlously allowed to become sour.* Whey coaitains, indced> 'm it* 
recent state, some un combined acetic acid. 

When whey which has been deprived, as much as possiblegrf 
tl>e butter and curd,, is slowly evaporated, it y^ields the substanR , 
already described under, the name of sugar of niilk. Besides thi* 1 
substance, it contains, also, several saline bodies^ viz, muriate of 
potash, phosphates of lime and of iron, and sulphate of potash; aud 
• .peculiar animal matter, which gives a precipjitate, with infusion 
of galls, and affords carbonate of ammonia by distillation. Sour 
whey contains also a peculiar acid called t/ie lactic. 

From this account of the composition of milk, several proper- 
ties of the entire fluid may be understood. When fresh milk is 
boiled, its albuminous part is not coagulated into a.mass like the 
white of an egg, on account of theiarge quantity of water, through 
which it is diffused; but a thin pellicle forms on the surface, which,. 
if removed, is immediately replaced by another; and thufr the 
whole of the. albumen may be separated in. successive portions. « 
the pellicle fall to the bottom, it becomes hwrnt, and giv«s the 
xnilk a peculiar, flavour*. " . 

In order to procure butter from milk, it is not necessary, in th* 
first place, to separate the cream,;, for butter may be obtained ^ 
once by the churning of milk, and has then the name of milk'-but- 
tef . It is inferior, however to butter njade from oream, ifi coiij 
sequence of its containing a larger proportion both of whey aDd 
of cnrd. , 

Milk is susceptible of the vinous fermentation, and is employ^ 
by the Tartars, in making a sbrt of wine, which they call JTfrwwwM 
It is prepared chiefly from mar^a' milky and has an agreeable 

* Cheshire Beport, page 52:69;^ f 37 Fbii Mag* ^' 
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sweetish ta^te. By distillaUoQ) it yields «^ eoasiderable ^urnithy 
of tilcohoL What is most remarkable with respect to this fer- 
jnented liqMoi*) is that it does not appear to owe its origin to th© 
saccharine part of the fluid; for Fourcroy and Vauquelin have^ 
fouu4 that milk, after fermentation^ yields as much sugar of milk 
as before. 

There appears to b^ a considerable difference in the quality of 
the milk of diifcrent animals. Human milk is sweeier than that 
of cows; and yieicis a larger proportion of cream; but from thi«. 
the butter cannot be separated by agitation. It deposits, also, a 
part of its curd by mere repose. Asses' milk bfears a stronger re-: 
semblance to human milk than to any other. The cream is but, 
in small quantity, and yields a soft white and nearly tasteless but* 
t^r. The curd is so abundant, as even Jto separate on standing, 
before the ipilk becomes sour. Goat's milk yields a remarkabl]^ 
thick and unctuous cream,, ^and abounds also in curd. The milfc 
of, sheep b^ars a strong, resemblance to that of ^cows, and yields A*^ 
large proportion of curd of a fat and unctuous kind. Mares' milk. 
ia thin, insipid, and affords^ very little cream « from which it ia very 
difficult tp separate ai\y butter by agitation. 

The ^constituents uf skin^ied cow^' milk ape stated by Berze?^ 
lius as follows:* 

w ater •'••. ••• •«•• v^ o* / 3v 

. Ghetisc, with a trace of butter . • 28.00? 

Sugar of milk - . . . . . . . 35.00 

Muriate of potash ....... 1.70- 

!Pho4phate of potash •...*• 0«25. 

Lactic acid, lactate of potash, and a) - ^^ 

trace of lactate of iron 3 

Earthy phosphaioA^ - O.Sa 



1000. 



Of Chyle. 



The chyle has been lately examined by Mr. Brande, ivho ob? 
tained it from the thoVacic duct of an animal, about four houra 
after taking food. If taken at a longer interval, it is mixed with 
a- greater or less proportion of lymph. When unmixed with bjood^^ 
it has the following properties. 

1. It is an opaque fluid of a perfectly white colour, without 
smell, and having a slightly salt taste, accompanied by some de« 
gree of sweetness, 

2. It does- not affect the colour of litmus or turmeric, but it 
slowly changes violet paper to green. 

3. Its specific gravity somewhat exceeds that of water^ but i^. 
less than that of blood. 

* ThomAOD*8 Annals, iiL 27. 
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4. In about ten minutes after being taken from the duct, it as- 
sumes the appearance of a stiff jelly, which in the course of 24 
hours separates into two parts, producing a firm and contracted 
coagulum, surroutided by a transparent colourless fluid Its spon- 
taneous changes, indeed, bear a striking resemblance to those 
which take place in blood. 

The coagulated portion has a closer resemblance to the cheese 
of milk, than to fibrin. It is rapidly dissolved both by pure and 
subcarbonated alkalies, forming pale brown compounds. Its solu- 
tion in liquid ammonia is of a reddish hue. The acids throw down 
a substance intermediate between fat and albumei), which an ex- 
cess of nitric acid redissolves in the cold; and sulphurie^ muriatic, 
and acetic acids', by boiling for a short time. 

Sulphuric acid, diluted, dissolves the coagulum, unless the wa- 
ter be increased to six times the weigh of the acid. Alkalies do 
not precipitate the solution. It is transparent, of a pale brown 
colour, and, after tjie addition of alkali, is decomposed by infa- 
jwons of tan. 

■ When the coagtihim is kept some weeks in one part of nitric 
acid, and 15 of water, it is converted into adipocirc. Muriatic, 
, acetic, and oxalic acids dissolve the coagulum; but neither citric 
nor tartaric have any action on it., ' 

The serous part of the chyle, when heated> becomes, slightlf 
turbid, and deposits flakes of albumen. The clear liquid, by eva- 
poration to half its bulk, deposits crystals, bearing a strong resem- 
blance to sugar of milk. They are soluble in 20 parts of water at 
60** Fahrenheit, or in four of boiling Water, and the taste of the 
solution is extremely sweet. By nitric acid, they are converted 
into a waitc powder^ havihg the properties of aaccholactic acid, as 
described by Scheele. 

The destructive distillation of the serous part of chyle afforded 
a minute quantity of charcoal, with traces of phosphate of lime and 
of muriate and carbonate of soda. 

From these experiments, it appears that chyle bears a striking 
analogy to milk, hot only in its external appearance, but in chemi- 
cal properties and composition. It must be acknowledged, how- 
ever, that the results, which have been described, are hot perfectly 
coincident with those obtained by Emniert and Vauquelin, each 
of whom submitted to analysis the chyle of the horse. Emroert 
was unable to discover the smallest trace of sugar of milk;* an" 
Vauquelin found also, 1st, a large proportion of albumen; 2d, a 
smaller one of fibrin; 3d, a fatty substance, which gives to the 
chyle the appearance of milk; and 4thly, several salts, such as 
potash, muriate of potash, and pro-phosphate of iron.t BerzehOSj 
also, appears to distrust the ansdogy between chyle and milk4 

♦ 80 Aon. de Chimie, 81. f 81 Ann. de Chimie, n% 

t View of Animal Chemistry, p. 74« 
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SECTION IV. 

IS^ the Mucus of the ^Toaes the Tears; the Humours (if the Eyt; 
and ike Liquor qf Sur/aceh and of Cavities, 

1. The mucus (j/* the nose was examined by Fourcroy and 
Vauqueiin, in the state in which it ii discharged during catarrh. 
Its principal qualities appear* to be owing to the large proportion, 
which it containsi of the substance termed by Dr. Bostock animal 
mucus* By exposure to. the air, this substance becomes viscid^ 
but) when recently secreted, its consistence does not appear to be 
thicker than that of tears. It contains, besides other neutral salts, 
a small proportion of carbonate of soda; and hence it precipitates 
the solution of barytes and of lime. Water does not dissolve, it, and 
it can only be brought into a state of diffusion by agitation. The 
acids thicken it, when used in small quantity; but in a larger pro- 
portion they dissolve it. Pure liquid alkalies decompose it, and 
extricate ammonia. Oxy-muriatic acid renders it thick, and dry; 
and reduces it to a state almost resembling parchment. 

Berzelius found the mucus of the nose to consist of 

Water . • 933.r 

Mucus matter . . •> S3.S 

Muriates of potash and soda .... 5.6 

Impure lactate of soda 0.9 

Albumen and animal matter, insoluble > ^ . 
in water, but soluble in alcohol .3 



1000. 



2. The tears appear to differ from the mucus of the nose in no 
yeapect, except in being of a more fluid consistence. They are 
perfectly pellucid, have a saline taste, and a specific gravity rather 
greater than that .of water. They change the colour of -syrup of 
violets to green, owing to their containing a portion of uncombi-> 
ned soda. Mr. Hunter found that when tears are exposed to a tem« 
perature of 160*^, a coagulum is formed; and that a substance still 
remains in solution, which is coagulable by Goulard's extract of 
lead. These properties indicate y^e present:e both of albumen and 
of mucus. By evaporation, the tears afford a yellow extract, which 
is insoluble in water, but is readily soluble in alkalies. Sulphuric 
acid disengages from this extract both carbonic acid and muriatic 
acid gases. After its combustion, phosphate of soda and phos- 
phate of lime aife also discovered in it. Fresh tears are decom- 
posed by oxy-muriatic acid, and a precipitate is thrown down 'va, 
flakes, which resembles the matter obtained by evaporation. 
Tears, therefore, are cemp^sed vf water; an aiuznal fluid re^em" 
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bling albumen; another fluid which is probably mucus; and various 
neutral salts. 

3. The humour 8 tf the eye. The aqueous humour is a clear 
transparent liquid, of the specific gravity 1009. It has luile smell 
or taste^ and scarcely affects blue vegetable colours. By evapora- 
tion it leaves a residuum, ailvounting to about 8 fier cent. Boiling 
occasions a slight coagulation; and tan precipitates it, both before 
»nd after being heated. Nitrate of silver precipitateB muriate of 
,«ilver from it, but no other ''hi etalHc salts affect it. Hence it may 
be inferred, that the aqueous humour consists of a large pfoportioa 
jOf water; and of albumen, gelatine, and several neutral aalts^ 

The vitreous humour agrees with the aqueous as to the nature 
of its ingredients, and differs only in their proportion. In the crys- 
talline lens, both albumen and gelatine are present in considerably 
larger quantity. It is soluble in cold water; but the solution \% 
coagulated by heat, and by the addition of tan. Its specific gravity 
is nearly 1 100. It appears, therefore, that all the humours of the 
«y^e are composed of the same ingredients, and differ only In the 
proportion Which they bear to each other. 

A recent analysis of the humours of the ejre by Berzdius, has 
determined their composition as follows: 



AqaeoQs Humour. 

Water 98.10 . 

Albumen a trace . 

Muriates and lactates .. . . 1.15 
Soda with animal matter solu- 
ble in water • . • • . 



X 0.75 



Titieooi Rnniaiif. 
. 98.40 

0.16 

1.43 

0.02 



100. 



100. 



The lens of the eye was found to be composed of 

Water . . ' 

Peculiar matter 

Muriates, lactates, and animal matter soltrble in 

alcohol . .' . ; . . 

Afkimal matter soluble only in water .... 
Insoluble membrane 



5fi 
35.9 



2.4 

1.3 

3.4 



lt)0. 



In the ashes of the crystalline lens, Bcrzeliire found only minut6 
(Traces of iron; but in those of the black matter which covers th6 
choroid coat, he discovered a large proportion , of the oxide of that 
Ifletal.* 

4. Liquor of Burf aces. On th« surface of every cavity through- 
#tit the body a fluid is constantly poured out, in sufficient quantity 

♦ Aim. de Chmt. et Phyd. v. 5K 
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to lubricate the parts; and occasionally, also, to keep certain cavi- 
ties in a stat6 of distension. To this head may be referred the fluid 
which moistens the pleura and the peritonaeum, and the contents 
of the pericardium, of the ventricles of the brain, and of the amnios. 
It is only a part of these, however, that have been accurately ex* 
amined. 

The liquor of the pericardium has been analyzed by Dr. Bostock. 
It had the appearance of the serum of the blood; and when exposed 
to the heat of boiling water, became opaque and gelatinous. By^ 
slow evaporation it left a residuum equal to one 1 3th of the whole. 
It was precipitated by oxy muriate of mercury; after the action of 
which infusion of galls had no effect, but a copious sediment was 
produced by Goulard's extract. From these characters Dr. Bostock 
is disposed to copsider it as a compound of albumen and mucus 
with muriate of soda and water, but without any gelatine; The 
followuig proportions he assigns as approximations: 

Water . * . 92 

Albumen 5.5 

^Mucus. • % 

Muriate of soda '...•.. 0.5 

100.» 

The liquor of the amnios, or the fluid which surrounds the foetusi 
is stated by Vaiiquelin and Buniva to be remarkable, in the cow, 
for affording a peculiar acid, already described under the name of 
the amniotic; but Dr. Prout, who has lately examined this liquor 
with much attention, was not able to detect any such principle.! 
The liquor, on which he made his experiments, had the sp. gr. 
] .013. Its taste was bland and sweetish like fresh whey; and, when 
concentrated by evaporation, it yielded crystals of sugar of milk. 
It consisted of 

"Water 977 

Albumen . . • - . . %^ 

Substance soluble in alcohol • . • 16.6 

Saline substanceis and sugar of milk 3.8 

1000. 

In the human subject, the composition of the liquor of the am*^ 
nios is entirely different; no|ie of the amniotic acid appearing to 
exist in it. The only ingredients, that are found in it, are albumeni f 

gelatine, with a portion of muriscte and carbonate ofsoda and some 
phosphate of lime. It is precipitated by heat, by acids, by alcohol, 
and by infusion of galls. 

"*" Nichokoa'8 Journal, xir. 147. f Thomson^s Ann. v. 417. 
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5. Lymfih. The fluid found in the thoracip duct of animals that 
have been kept 24 hours wi hout food, isperfecily transparent and 
colourless, and seems to diffei*,.iu no respect, from th^t which is 
contained in the lymphatic vessels. Its properties are described 
by Mr. Brande as follows: 

1. It is roiscible in every proportion with water. 

2. It produces do change in vegetable cQioiirs, 

3. It is neither coagulated b^ heat, by -acids, r.oi* by alcohol, but 
is rendered slightly turbid by the last mentioned st^ent. 

4. It gives, on evaporation, a very sparing residuum, which 
turns the colour of violet paper green,. By incineration, this matter 
gives a ver^ little muriate of soda, hut no iron. 

b» When submitted to electr:cal action, there was an eyolution 
of aiki'li, and a separation of alHi'mcn, at the negative pole. At the 
positive wire, muriatic acid oi)ly seemed to be evolved. 

6. Synovia. This fluid; which is found in the cavities of the 




^ably from the liquo 
liquid, br,t scon becomes j^;elrttiroi's; pnd, aher remaining some 
time in this state, again assumes a fluid form and deposits a fibrous 
matter. Alcohol separates from it a portion of albunren, but the re- 
maininc^ liquid reiiiains vifcid. Acetic acid destroys its viscidity, 
an4 precipitates a quantity of white threads, which have a striking 
i*eseinhlance to vegetable gluten. The saine substance is precipi- 

Sated by the miiierel acids, l3ut not unless they are diluted with a 
arge quantity of water;, for in their concentrated fonii^ they have 
tlie piiwef of dissolving it. fey continuing the analysis, several neu- 
tral sajts may be obtained, anci the proportioiis of the entire fiuid 
have tbus been stated by Margiieronj* 

fibrous niatter 1 1.86^ 

Albumen .' . 4.52 

Muriate of soda . . . . . . 1.75 

Soda ', . 0.71 

phosphate of lime .... . . 0.70, 

Water . . , . . . . . . 80 46 



100. 



,7. ne^tnd .(^fierstiiration h2LS been examined by Berzelius. 
but under the disadvantage of operating on a very small quantity; 
A fey drops, collected and evaporated on a watch glass, left ayel- 
iQwish residue, having all the appearance, under the microscope* 
of the usual mixture of muriates of potash, and soda with hc^^^ 
acid, lactate of soda, and its' accomptinyihg animal matter. It red- 
dened litmus, and dissolved in alcohol; and was, without doiibtj of 



* Annales de Chirn. xir. 



<i 






> 



SECT. V. URINE. 2813 

( 

the same nature as the analogous ipiatter fouQd in other animal 
fluids Thp rcx\ic acid, which Thenard sujjposed he h'ld disco- 
vered in the ilaid c f peropii'ation, \>as most probably a product of 
his mode of operating. • 



SECTION V. 
Of the Urine and Urinary Calculi, 

The urine, though one of the most complicated fluids of the 
animal body, containing at least a dozen different &,ubstances, ia 
perhaps one of those, the composition ofWr.ich i§ now best under- 
slood. For a long period of time, the attention of chemists s.een)3 
to have been limited lo the extraction of phosphorus and neutral 
salts from urine; ibut a nevy direction w?is ^iven to their labours, by 
the valuable discov,er!es of Fourcroy und Vauquelin:* The- ana- 
lysis of the urine has been prosecuted, also, with great success in 
this country by Cruickshank;! in Spain by Proust;:^ and recently 
by that indefatij^able f^hilosopher, professor Berzejius of Stock- 
holin.§ And though soiiie important facts ha\'e been contributed 
by other persons, yet it is chiefly to these writers that we are in- 
debted for the materials of its chemical history. 

The exlernal properties of the urine need no description j and 
indeed none would apply universally to a fluid, which is constantly 
varying, not only in the diseased but in the healthy state of the? 
body. The following account of its chemical properties is to bie 
understood h3 applying to the urine which is voided early in the 
inorni[i:^,'or at le?-at several hours after a meal. In this state it has 
a deep yellaw colour, and an intensely bitter taste. Its speclflc 
gravity is variable. Dr. Bryan Robinson fixes it at 1030, water b^- 
ing 1000; and M. Cruickshank found it to vary from 1005 to 1033. 
From my own experiments, I am disposed to consider the num- 
ber stated by Dr. Robiqson as a fair general average. 

The bubstances, which appear to me to have been satisfactorily 
proved to exist in hej^ll;hy urine^ are the following: 

1. Water. . , 11. Albumen. 

2. Free phosphoric acid. 12. Lactate of ammonia. 

3. Phosphate of lime. *13. Sulphate of pcrta^h. 

4. Phosphate of magnesia. 14. Sulphate of soda. 
'5. piuoric-acid. 15. Filiate of Jim e. 
6.' Uric acid. 16. Muriate of soda. 

7. Benzoic acid. IT. Phosphate. <)f soda- 

8. Lactic acid. 18. Phosphate of ammoDiia. 
^. Urea. 19. Sulphur. 

40. Gelatine. 20. Siiex. 

* Annales de Chimie, xxxi. 48. f PW*- Magf. ii. «40. 

\ Aanaftes de'Chifme» xxxvi. 258. \ fThomion'B A&aals, ii.41«. 
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. The presence of «tn uncombined acid in urine is shown by its in- 
variably, when recently voided, reddening blue vegetable colours. 
This effect is owing partly to th* phosphoric, and partly to the lac- 
tic and uric acids, which urin^e contains; and Vogcl has lately en- 
deavoured, to show that carboiyc acid is, also, one of its constitu- 
ents.* The lactic and phosphoric acids form the solvent, by which 
the phosphate of lime is retained insolution; and, if this portion of 
acid be saturated, the earthy salt is precipitated. Hence a few 
drops of pure dmnionia, added to recent urine, occasion a ivhitc 
cloud, and 4t sediment of neutral phosphate of linie falls, in the 
proportion of about two grains from four ounces of urine. If 
lime-water be piixed with urine, a still larger quantity of phos- 
phate of lime is deposited; for the newly added earth unites with 
the free phosphoric acid, and a quantity of phosphate of lime is 
generated, in addition to that which before existed in solution. 
In the precipitate, formed by either of these processes, a small 
proportion of magnesia is discoverable, which existed, no doubt» 
in combination with phosphoric acid. The sediment contains, 
also, according to Berzeliust» fluate of lime. The presence of 
the last-mentioned substance was ascertained by adding sulphuric 
acid, which set at liberty vapours of fluoric acidi in sufficient 
quantity to corrode glass. ' 

When the urine has stood for abou(^24 hours at a mean tem- 
peraturef, the uric acid and phosphate of lime are in a great mea- 
sure deposited; and still more speedily and completely, if the urine 
be first evaporated to half its bulk, 'they may be separated from 
each oth^r, either by diluted nitric acid, which leaves the uric acid> 
and takes up only the phosphate of lime; or by calcining the mix- 
ture in a red-heat, which destroys the uric acid, but not the calca- 
reous phosphate. By this operation, the uric acid is found to vary 
considerably; but the phosphate of lime is pretty constantly in the 
proportion of a grain from two ounces of urine. The quantity of 
uric acid, obtained from urine, is greatly increased by adding to 
that fluid almost any other acid, and allowing it to stand for some 
days; at the end of which time small crystalline grains will be 
found lining the inner surface of the vessel.^ 

The existence of salts, containing sulphuric acid, in urine, is 
proved by adding muriate of barytes, to urine acidulated with mu- 
riatic acid. This excess of acid prevents the precipitation of the 
phosphates, which would otherwise be decomposed by the barytie 
salt. From the weight of the precipitate, Berzelius computes 
that the proportion of sulphuric acid in urine exceeds that of 
phosphoric acid. — If nitrate of barytes, with an excess of nitric 
acid, be employed, and if the urine, after depositing the sulphate 
of barytes, be evaporated, a further portion of sulphate of barytes 
is deposited in small hard crystals. Now the sulphuric acid, which 

♦93 Ann.dcChim. 71. 
• f Anoales de Chimie, Ixi. 256; and Thomsoo's Aonsis, ii. 416. 
\ Egan, Philosophical Magazine, xxiii. 298. 
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occasions this second production of the b^rytic s\ilphate, must 
have beenybrmerf ^^ring evaporation; and can only be accounted 
for by supposing, that*a portion of sulphur, existing in the urine^ 
lias been acidified by the excess of nitric acid. 

When urine, which has deposited its phosphate of lime^and uric 
acid, is subpiitted to distillation, a liquid condenses in the receivery 
which has a very peculiar and nauseous smell, and effervesces 
strongly with acids, in consequence of its containing carbonate of 
ammonia. In the retort there remains a residuum, which^ if eva- 
porated to the consistence of honey, composes from one 24th to 
one o6th the weight of the urine. When a little of this extract is 
added to a quantity of nitric acid, diluted with an eqlial weight of 
•water, a number of shining white or yellowish scales are deposit- 
ed, resembling the boracic acid, and in the proportion of five 8ths 
or seven Sths the weight of the extract. This precipitate is occa- - 
sioned by the action of the nitric acid on the urea, which is con- 
tained in urine; and to the decomposition of the same substance is 
owing the carbonate of ammonia, obtained from urine by distilla**. 
tion. (See the section on Urea.) ... 

From the extract of urine, the peculiar substance, called the 
urea, may be separated by digesting the extract repeatedly with 
alcohol, and decanting the solutions, which are to be gently eva- 
porated. Its proportion varies very considerably; but it has been 
stated, by Mr. Cruickshank, at about one 70th the weight of the 
^rine, or one half the inspissated extract. The undissolved residue 
contains lactic acid and a number of neutral salts, consisting of 
muriate of potash, muriate of soda, phosphate of soda, and phos- "^ 
phate and lactate of atnmonia. Muriate of ammonia, is, also, oc* 
casionally found, and is dissolved, along with the urea, by the 
alcohol. These salts admit of being separated from each other 
by solution and evaporation. The muriates, at a certain degree 
of concentration, form a pellicle, which is to be retpoved while 
the liquor is hot. The solution, when cold, deposits two sets of 
crystals; rhomboidal prisms, which are the phosphate of ammonia; 
and rectangular tables, consisting of phosphate of soda. 

Along with the urea, a portion of benzoic acid is, also, taken up 
by the alcohol. The presence of this acid in urine may be shown, 
by evaporating it to the consistence of syrup, and pouring in mu- 
riatic acid; when a precipitate appears, which consists of benzoic 
acid. In human urine its proportion is small, and Berzelius could 
not even discover a trace of it; but in that of herbivorous quadru- 
peds, so large a quantity exists as to be worth extraction. On the 
average, Vauquelin has shown that it forms about. one 300th of 
the urine of this class jof animals.* 

If human urine be evaporated to the consistence of syrup only, 
and alcohol be added, the substance remaining undissolved is acid. 
This acid combines with ammonia^ and the compound is solublet 

* Annales de Cbimie, Ixix. 3(1. 
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10 alcQ^ol. Froiaa this solution the amnionia is disengaged by 
Hme; anrl from the ucw salt thus formed, the lime may be precipi- 
tated by oxalic acid, which leaves the iact^'c acid dissolved ip \ya- 
ter. By this process, a s<nall part only of the lactic acid is obtain- 
ed h^ok uripe; the greater portion of it being dissplved by the 
Sklcohol, together with the lactate of ammonia. , , 

Albumen,^ gelatine, and mucus exist, also, in the ur||ie, but in 
very variable propoi'tipn. When urine is heateiS^Tietiriy to the 
boiling temperature, a white flocculent precipitJtte often forms in 
it. This is in part phosphate of lime, thrown do.\yn by the amiTjo- 
Dia resulting fix>m the decomposition of urea; but it also contains 
^ coagulated albumen, vi^hich remains after adding muriatic acid to 
dissolve the calcareous phosphate. In dropsy, the proportion of 
albumen is often suiiicient to produce a distinct coagulation both 
by heat and acids. Gelatine is discovered, on adding inaision of 
galls, by a precipitate which amounts, according to Mr. Cruick- 
8hank,^tQ one 240th parc^the weight of the urine. 

Mucus, also, is suspended in all newly evacuated urine, and 
-affects its perf<jct transparency. If the urine be voided in different 
portions, the mucus, which naturally lines the urinary pa3s<iges> 
IS most abundant in the first, and less so in the subsequent por- 
tions. When recent urine is filtered, the mvcus remains on the 
filter, in the forp* of transparent and colourless flocculi. The 
cloud, which appears in the* urine during fever, is merely this 
mucus, which subsides more siowiy than usual, in consequence of 
the increased specific gravity of the urine. From urine filtered 
• when warm, a grayish white sediment falls in cooling, which gra- 
dually acquires a reddish hue and a crystalline form. The grayish 
powder is soluble in caustic. potash, without any evolution of am- 
monia; but, as it becomes red and crystallized, potash disengages 
ammonia from it in abundance. Berzelius considers it, therefore, 
as urate of ammonia with excess of acid. The deposit is partly 
soluble,. also, in acetic acid, which extracts a substance having the 
icharacters of mucus. There appears, indeed^ to be an affinity be- 
tween uric acid and mucus; for ;kat acid separates most abun- 
dantly from urine, which has pot been deprived of mucus by fil- 
tration. In some diseases of the bladder, its mucous secretioii 
appears to unde^rgo a considerable change, and to assume a puru- 
' lent appearance,* 

Sulphur was first discQi^ered in urine by Proust. This fluid, he 
observesij blackens silver vessels in which U is evaporated, and 
scales are detached which <:onsist of sulphuret of silver. Sulphu- 
i:ctcd hydrogen gas, he finds also, is disengaged from urinp which 
has been kept al>out fifteen days; a remark, which has since been 
made, also, by Voge). 

The same distinguished chemist supposed cnat he had discover- 
ed carbonic acicl in urine^ by examining the air bubbles which arise 

* Berzelius in Thomson's Annals, ii. 420. 
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fh)m tMs fluid during; ebullition. There can be little doubt, how- 
ever, that the carbonic acid, thus detected, arises from the decom- 
position of urea by the increased temperaCure- To the same 
source, aUo, (urea) may be refei^ed the carbonate of lime, found 
by Proust on the surface of casks in which urine bad been kept. 
By th€j decomposition of urea, carbonate of ammonia is formed; 
and this, re-acting on thp phosphate of lime contained in urine, 
would doubtless compose carbonate of lime. The occasional pre- 
sence of the sulphate of soda rests on better evidence; for It fre- 
quently happens that only a part of the precipitate, formed by 
adding muriate of barytes to urine, is dissolved by muriatic acid; 
thus indicating the formation of sulphate of bavy tcs* ^ 

The acetic acid and resinous matter, which Proust imagined he 
had discovered in urine, may be accounted for Uy supposing, that 
they were produced, rather than separated, by the processes which 
he employed. At least their existence in healthy urine is equivo- 
cal; and it is not improbable that this excellent chemist mistook^ 
|the lactic for acetic acid, The acetic acid he obtained by distil- 
ling a fresh extract of urine with sulphuric acid; and' the resinous 
taatter by diluting the residue of this distillation when beginning 
to grow thick, with a large quantity of cold \Yater^ the excess of 
acid being afterwards removed by a little alkali. The resin thUs 
produced he found to bear a striking resemblancie to castor. 

Berzelius discovered siliceous earth in urine by treating'fextract 
of urine, first with alcohol, then with water, and iBiially with thu- 
riatic acid. The silex remained in the forin of a gray powder, 
'which, by fusion with soda, became glass. ' Its source he appre- 
hends to be in the water, which we drink, which almost uriiversally 
contfeiins silex. 

With regard to the proportion of the dilfereht ingi^edients 8f 
urine, Berzelius finds that it differs essentially iii the same indivi* 
dual, even from causes which havie little influience on health. The 
following Table may be considered as showing its average com- 
position. 

Water . ... . 93:^.00 

Urea ......... ^ .. . 30.10 

Sulphate of potash ,.-.,..... 3.71 

■ ■ soda 3.16 

phosphate of soda . 2.94 

; * <■ ammonia ••....• 1.65 

Muriate of soda 4.45 

■ ammonia ........ 1.50 

Prce Lactic acid . . .... . . . "1 

Lactate of ammonia . • • • • • • • ! 

Animal matter soluble in alcohol and accom- ' '. _, . . 
• panying the lactates . . , . . , . . j 

Animal matter insfoluble in alcohol . . . j 
Urea not separable from the above . . . J 
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Eartliy phosphates wUb a trace of Fluate of ? « q^ 

Lime ^ . . . • . .J 

Uric acid . , . . . l.OO 

Mucus of the Bladder 0.32 

. Silex 0.03 



1000. 

The 17.14 parts of lactic acid, &c. contain a quantity of water, 
which cannot be abstracted without decomposing those bodies. 
The uric acid is extremely variable; but in the particular instance, 
which furnished the above results, it was deposited on cooling. 
The earthy phosphates contain 1 1 per cent, more magnesia, thwi 
exists in the earth of bones, or in the ashes of blood. Much more 
potash is discoverable, also, in urine and in milk, than in blood. 

The putrefaction of urine is attended with a series of changes, 
somewhat analogous to those accompanying its distillation. The 
' u^ea, which it contains, is decomposed and converted into carbo- 
nate of ammonia, which neutralizes all the redundant acids, and 
precipitates phosphate of lime. At the same time, the ammonia, 
uniting with the phosphate of magnesia, composes a salt, which 
settles in white crystals on the inner surface of the vessel. This 
salt is the ammoniaco-magnesian phosphate, which constitutes so 
large a part of some urinary calculi. The albumen and gelatine 
contained in the urine also undergo decomposition, and flakes are 
deposited, which consists of both th^ese substances. Acetic acid 
is generated, and becomes saturated with ammonia. Acetate and 
carbonate of ammonia, and the aromonlaco-niagnesian phosphate 
appear, therefore, to be the principal substances generated by the 
putrefaction of urine. 

Some important facts have been, ascertained by Mr. Cruick- 
shank, respecting the changes that the uri,ne undergoes in diffe- 
rent diseases. In dropsy, the urine was coagulated so completely 
by heat and' by acids, as to differ but little from the serum of the 
blood. When this disease, however; arose ^om a morbid state of 
the liver, the urine was not coagulable; but was observed to be 
small in quantity, high coloured, and to ^deposit a considerable por- 
tion of pink sediment (probably the substance rosacSe of Proust) 
In inflammatory affections, the urine*was found, to be loaded with 
albumen. In gout, towards the end of the paroxysm, the urine 
deposited a lateritious sediment, which consisted of a very minute 
quantity of uric acid, a larger quantity of phosphate of lune, and 
some peculiar animal fluid not soluble in water. The urine of 
jaundiced persons contained a small quantity of bile, which was 
discoverable by the addition of muriatic acid. Hysterical urine 
was remarkable for a larger proportion of saline ingredients, but 
had scarcely any animalized matter. 

The composition of the urine difiers essentially in the dxfTerent 
classes of animals. Urea appears to be a constituent of the urine 
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#f all animals, 80 ht as it has hittH^rlo been examined; but the 
urk acid is not found in herbivorous quadrupeds, the urine of 
which contains, instead of it, a large proportion of benzoic acid. 
That of the horse and of the rabbit arc remarkable for becoming 
milky after being voided, in consequence of the. deposition of car- 
bonate of Hme. The urine of -the rabbit containk, also, carbonates 
of ^hiagfiesia and potash, and fiulphates of potash and lime. The 
urine of the cow, besides a larger proportion of benzoic aci49 
holds in sofutidn carbonate and sulphate of pt)tash and muriate of 
potash.— -The uri!ie of domestic fowly, which is voided through the 
same passage as the excrement, was found by Fourcroy and 
Vauquelin, and more lately by Ghcvreul, to contain uric acid. 
And Dr. Wollaston has determined the proportion of uric acid to 
be greatest, in the urine of birds that feed 6n animal food. Iti the 
hawk, fed on flesh only, it Was remarkably abundant; and the gan- 
lict, feeding solely oii fish, discharged no solid matter except uric 
acid.* The uric acid has been found, also, by Dr. Pro.utf to coii- 
Btitiite upwards of do per cent, of the excrement of an animal, be- 
longing to a different class, the serpent called boa constrictor, 
Mr- Brande, some years ago, discovered it in the urine of the 
camel. But, on the other hand,'Vauquelin has. proved that it is 
entirely absent from the urine of the lion and tiger, though fed on 
flesh, and though their urine aboiirids in urea.:| 

URiNikRT CALCULI. Connected with the Analysis of urine is that 
of the concretions, which are found in the bladder, and wKich oc- 
casion a disease, equally formidable from its symptoms, and its 
remedy. Little was known respecting their chemical composition^ 
till the time of Scheele;^ to whom we owe on this, as on mran^ 
other sobjeas, the first, and therefore the most difficult steps to- 
wards accurate analysis. By the discovery of the uric (or, as he 
termed it, lithic) acid in one of the most common varieties of calv 
cuius, and in the ordinspry urine, he paved the way to every thin^ 
that has^eei^ since ascertained, respecting other varieties; an(| his 
experiments have been mt>Bt ably followed up by those of Dr. 
Wollaston, and of Fourcroy and Vauquelin. It is but justice to 
Bi^. Wollaston', however, to state, that the principal distinctions 
of the several species of calculus were pointed out by him m the 
year 1797§, in a memoir not les» distinguished by the importance 
of its facts, than by the simplicity with which they are narrated. 
Two years afterwards the experiments of Fourcroy and his asso- 
ciate were communicated to the National Institute; so that the 
title to priority unquestionably. belongs to our cotmtryman. Se<* 
veral vsduable additions have been since made to our knowledge 
of the subject by Dr« Pearson, Mr. Brande, and others; and an 
excellent history of all that was before knowh, combined #ith 

•Phil. Trans, 1810. f Thomson's Aonals, v. 413. 

I $2 Aon deCbim. 199. f See lbe^P]iiioiopbicallVaniaoti«M for that year. 
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much otiginal matter, has b«en contributed bf Dr. Mareet.* hk 
the plates, which are annexed to this work, will be found the most 
exact representations of the several varieties of urinarf concre- 
tions, that have yet been published. <^ 

The ingredients of urinary calculi are much less numerous than 
those of the urine. The following appear to be the only substances^ 
the existence of which, in concretions of this sort, is sufficiently 
established; 7^ 2z. uric or lithic acid; phosphate of lime; amraoniaco-' 
magnesian phosphate; oxalate of lime; silex; and an atiimal matter, 
, which serves the purpose of a cement to the earthy ingredients. 
To these, Proust has added the carbonate of lime;t but in this in- 
. stance, there is reason to doubt of an authority which is in most 
cases unquestionable. The ingredients of rarer occurrence are 
the cy^ic oxide of Dr. Wollaston, and the xanthic oxide of Dr. 
Marcet. It is scarcely ever that any of these substances is found 
singly. Nevertheless, the predominance of some one of them 
gives to the concretion its peculiar charactei^s; and determine the 
genus to which it should be assigned. Several arrang^nents of 
urinary calculi have been contrived. Foiircroy and Vauquelin 
have enamerated three genera, which they have divided again in- 
to no less than twelve species. In these subdivisions, however, 
several minute differances have been attended to, which are scarce- 
ly suBicient grounds for specific distinctions; and it appears to me 
sufficient for every purpose of arrangement to class them under 
the following heads. 

I. Calculi which are chiefly composed of uric acid: 

II. Calculi principally composed of the ammoniaco-magnesiaD 
phosphate: 

III. Calculi consisting, for the most part, of phosphate of limei 

IV. Calculi which derive their chiu*acteristic property from 
oxalate of lime; and 

V. Calculi composed of the substance discovered by Dr. Wol- 
laston, and called by him cystic oxide, 

I. The calculi composed entirely of uric acid are of very rare 
occurrence; but those, in which it prevails, and gives the charac- 
ter of the species, form a very considerable proportion, perhaps 
one half, of urinary concretions. Calculi of this kind are of vari- 
ous sizes, from that of a bean to'that of a large egg. , Their shape ' 
is most commonly a flattened oval; but when more than one are 
■found, they acquire, by friction against each other, several sides 
and angles. The best view of their internal structure is obtained 
by sawing them through their longest and widest diameter, when 
they exhibit generally a central nucleus, of more compact texture, 
and greater hardness and lustre, than the rest of the stone; but 
genet*ally of the same figure. From this to the circumferencef a 
number of distinct layers are perceived; and these layers, when the 

* " An Essay mi the Chemical History and Medical Treatment of Calcu- 
lous Disorders." 8vo. London; 1817. f 
f Annales de Chimie, xxxrL 
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t:Alcultt&i#.brokeiit exhibit a radiated -^truclure,. the radii converg- 
ing iQwatdS' the centre* The^harder varieties, when divided by 
the 9aw9 admit of soxne degree of polish, and bear a considerable 
resemblance to . wood. Their colour is various, but generally of 
cUfferent s}\ades of yellow, from pale straw yellow, to a deep shade 
of that' colour, approaching brown or sometimes brown with a 
mixture of red'. . Their specific gravity, according to Fourcroy, 
varies firom 1.276 to 1.786; but generally exiseeds 1.500. 

T^e chemical characters of calculi of this kind reaemble those 
of the. uric acid. When burned in a crucible; they emit the smell 
of horn, and^ are almoat entirely consumed; a black dense coal re- 
maining which amounts to about one 5th the weight of the calcu* 
lus. They dissolve^ either wholly or in great measure, in solu* 
tioDs of pure potash and pure soda, and are precipitated again by 
acids. A ve?y striking property of this sort of concretions is, that 
when a few grains are heated on a watch glass with a small quan- 
tity of nitric acid, and the mixture evaporated to dryness, a beauti* 
ful red sutfstance remains, which dissolvesin water and tinges the 
skin of the same colour* 

li. The ainmoniaco-magnesian phosphate or triple calculus is 
scarcely ever found without an admixture of some other substance> 
especially of phosphate of lime. Calculi of this sort are easily 
discriminated, from those of the first species, by their colour, which 
is white, generally pure white. They attain a much greater size 
than uHe acid calculi; and, in, one or two instances, have increased 
so as to filL the whole capacity of the bladder. The layers are 
distinguishable only by different degrees of hardness and density^ 
and small cells are often formed by the interrupted deposition of 
these layers, which are lined with sparkling crystals. X^^ calculi 
of this kind .are soft, and their powder dissolves sufficiently in the 
mouth, to give.a distinct sweetish taste. 

Boiling water, acts upon the ammoniaco-magnesian phosphate; 
and the calculus losea about four loths of its weighty which is de« 
posited on cooling, in the form of shining crystals! When ex- 
posed to heat it first becomes blacky enxits a smell of ammonia, and 
a white powder is left, which fuses imperfectly when the heat is 
more strongly urged. Most acidsv (even sulphuric acid of th^ 
specific gravity 1020) dissolve it rapidly, and deposit it again otn 
the add^ion alkalies. Pure alkalies do not dissolve it, btit disen* 
gage ammonia. To extract the phosphoric acid, Dr. Wollaston 
dissolved the calculus in acetic acid, ahd precipitated the phos- 
phoric acid by an exciess of acetate of lead. To the clear liquovi 
sulphuric, acid was added^ which threw down the excess of lead* 
and, a^ the sami^ time, formed sulphate of magnesia. Evaporation 
to dryness removed the acetic acid; and, by raising the heat, the 
sulphate of ammonia and excess of sulphuric acid were expelled; 
leaving the sulphate of magnesia pure, and capable of forming 
crystals by solution and evaporation. 
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in. The third species of calpulus, comj>osed chieftf of ph©*^ 

I)hate of lime, is usually $ on its outer surface, of a pale brown co* 
our, and so smooth as to appear polished. When sawed, it is 
found to he regulaHy laminated, and the layers adhere so slightly, 
as to be readily separated into concentric eeats. Internally the 
colour is white, but not of that pure and brilliant kind, which ^is* 
tinguishes the ammoniaco-magnesian pbosphatb. The small <;rys- 
tals also, which occuf in the former variety, arc never found in this; 
and its powder, when rubbed between the fingers, is considerably 
more harsh and ro-.igh* 

The phosphate of lime calculus dissdlves, though slowly, in di- 
luted nitric, muriatic, find acetic acids (but not in the sulphuric 
acid of the specific gravity lOSO), and is precipitated unchanged by 
Alkalies. A small fragment put into a druptjf muriatic acid, on m 
piece of glass over a candle, is soon dissolved; and, when the ftcM 
is evaporated, crystallized in needles, which makes angles of 60* 
and 1^0° with each other. This property Dr. Wollaslon considers 
As a very delicate test of the phosphate of lime. When exposed 
to the blow-pipe, it first blackens, but soon becomes white, and* by 
intensely urging the flame, may at length be fused. When the phos- 
phate of lime and amnwniaco-magnesian phosphate exist together, 
they compose a calculus, a fragment of which may be melted with 
great ease by the blow-pipe into a vitreous globule; and which has 
therefore befen^alled by Dr. Wollaston, the fusible calcuiuB. Thm 
talcutus, when pulverized and acted upon^ by acetic acid, is only 
l^artiAliy dissolved, the amonlaco-magnesian phosphate being taken 
^p by the acid^ and tl^e phosphate of liriie left. In this way, it is 
easy to ascertain the proportion of the tAvb phosphates. 
, IV. Calculi of the fourth kind, though their composition was 
not ascertained, have been long distinguished from others, by the 
peculiarities of their external characters, under the name of mul* 
terry calcutU This epithet has been derived from their resem- 
hlance to the fruit of the mulberry. They sflre usually of a much 
darker colour than the other varieties, and are covered, generally^ 
with a number of projecting tubercles; but the species compre- 
hends, also, some perfectly smooth concretions of a pale colour. 
Their hardness greatly exceeds that of the other kinds; for it is not 
easy to reduce them to powder by 'scraping with a knife. They 
have also a greater degree of specific gravity, varying, according 
to Fo^rcroy, from 1428 to 1976. \ 

CalcuU of thill species when pulverise are soluble m muriatic 
and hitric acid; but not unless the acids are concentrated and^eat- 
ed The solution by muriatic acid has a "deep brown colour, but 
deposits while crystals on cooling. ~ Pure alkalies do not decom* 
pose this variety of calculus; but when it is digested with alkaline 
carbonates, thie oxalic acid is separated and replaced by carbonic 
ticid To exhibit the oxalic acid in a separate state, the oxalate of 
potash may be decomposed by acetate of barytes or super-acetate 
of lead, and the oxalate of lead or biiry tes by sulphuric ^d. This 
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is the proceaft t^ Vtmvcroy; but Dif.' WdHastoti disent^aged tlie oxa- 
lic acid by the direct addition of sUl))hiiT*ic acid, to the pulverised 
calculus, ajhd the cry6talU«ation of the acid which was tlius' de- 
tached. , . ,« 

The presence of lime, in this vaKety of calculus, is demonstra* 
ted, in a very siifnple manner, by burning it in a crucible, and 
Btrongly dalcining the residuum, or by exposure to the^blbw-pipe. 
By the addition t)f water^ we obtain lime-water. Silex is a very 
rare ingredient^ and has been dkcovered in calculi, in one or two 
inst^nce^ only. 

V. A new species of calculus from the human bladder was dis- 
covered, by Dr. WoUaston, about the year 1805. It appears to be 
Extremely rarev^for in 1810, when its properties were first descri- 
bed in the Philosophical Tt^nsactions, only two instances of it had 
occurt-edto its discoverer. With the assistance of Dr. Wollaston*s 
^lear and accurate description*, and of the properiexperiments, I 
have recognized two other examples, in a collection of calculi noii* 
in mypossession^ and Dr. Marcet has sinee detected it in no less 
than three instances.* 

In external appearance, these calculi' reMtnble more nearly the 
triple phosphate of magnesia than any othef sort of calculus; but 
tbey are niore compact, and do not consist of distinct lamina, but 
Appear m one mass, confusedly crystallized throughout its sub- 
^ance. They have a yellowish semiiransparency, and a peculiar 
glistening lustre, like that of a body having a high refractive den- 
sity . 

Under the Wow-pipe, the new calculus givfes a peculiarly foetid 
^mell, quite distinct from that of uric acid. Distilled in close ves- 
sels, it yi^s foetid carbonate of ammonia,* partly solid and partly 
fluid, and a heavy foetid oil; and there remains a black spongy coal, 
much smaller in proportion than from uric acid calculi. 

It is so readily acted upon by chemical agents, that its charac- 
ters are best taken from ^n enumeration of the few ^eble powers, 
which it can resist. Th^se are water, alcohol, acetic, tartaric, and 
citric acids, and saturated carbonate of ammc^ia; all which are in- 
capable of dissolving it, except in very minute proportion. 

Its solvents, on the other hand, are iar more numerous. It is , 
abundantly dissolved by muriatic, nitric, sult>huric, phosphoric, 
and oxalic acids; by potash, soda, ammonia, and lime water; and 
even by fully saturated carbonates of potash and soda. When, 
therefore, it is intended to separate it from acids, the carbonate of 
ammonia is best adapted to the purpose; and, for the same reason, 
the acetic and citric acids are best suited to precipitate it from al- 
kalies. 

' Its combinations with acids crystallize in slender spiculae, radia- 
ting'from a centre, which readily dissolve again in water. Its com- 
pounds with alkaHes form small granular crystals. 



<^ On Urinary Cadcali, p. 89. 
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As this snbfttance does not. affect vegetable colours, and has aU 
the chemical habitudes of an oxide, Dr. Wollaston distinguishea 
it by, the name of Cystic Oa^ide, ^ This name it is not worth while 
to alter, though Dr. Maroet has lately met with instiances, in which 
its origin may be clearly traced to tie kidneys and not to the blad- 
der. 

VI. Amongst the urinary calculi examined by Dr. Marcet, were 
two, the properties of which were found to cQffer from those of 
every known species. The first was of a reddish or cinnamon co^ 
lour; was soluble in acids, though less readily than in alkalies^ and 
gave with nitric acid a aolation, which, when evaporated to dry- 
ness, had the remarkable property of assuming a bright lemoa 
colour. It was distinguished from cystic oxide, by being much less 
solublC' in acids; and, from uric acid, by considerably greater solu- 
bility in water. From the colour which it affords with nitric acid, 
Dr. Marcet has applied to it the term ofXanihie Oxide (from |«pIk, 
yellow.') / 

The ether calculus exhibited a train of properties, corresfMnd- 
ing exactly with those of fibrin; and should other examples of a 
similar kind occur, they may be distinguished, Dr. Mkrcet thinks, 
by the epithet ^*rt«ott# calculi.* 

Such are the principal kinds of urinary concretions. If any addi- 
tion were made to the five classes, under which they have been 
airanged, I would propose to add two others; the sixth compre- 
h^iding those calculi, which contain several of the foregoing in- 
gredients, in such a state of admixture as not to be distinguishable 
without chemical anal3rsis; and the seventh those, in which the 
differ^it substances are disposed in distinct layers or in concentrip 
strata. It may be proper, however, to give an outline of the classi- 
fication, proposed by Fourcroy and Vauquelin, after the analysis 
•f more than 600 of these concretions. 

GfiNUa 1^-43aLOVLX composed of ONK INOHEDtBirr omly. 

specie^ 1. Calculusof uric acid. 

2. ' ■' urate of ammonia.t 

3, ■: — oxalate of lime. 

Genus II.— -Calovli composed of two inobediekts. 

^ecfes I. Calculus of uric acid and earthy phoi^hates in distinct 

layers. 
3. ■ ■ of uric acid and earthy phosphates intimately 

mixed. 

ft 

*• On Urioary Calculi, chap. iv. 
t The existence of urate of ammonia, as an ing^redient of calculi, has late- 
ly been rendered very questionable, to say the least, by Mr. Brande, witii 
whose experience^ and Dr. Marcet's, on this point my own entirely agrees. 
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^eeies 3. Calctilira of urate ^ofammonia' atid the pho^>]iftte8 in 

layers. u '^ 

4. ■ of the saQie ingredients intimately mixed. 

5. M l of earthy phosphates mixed or else in fine 

lay^. 

6. ' " ' of oxalate of lime and uric acid in distinct 
layers. , . 

r. ' M II . , of oxalate of lime and earthy phosphates ih 
layers. 

Genus III.-— Ca£ouli composed. of th^^e or four ingredients^ 

Sfiecie^ 1. Calculus of uric acid or urate of ammonia^ earthy phos- 
phates^ and oxalate of lime. 
2. ■ ' of uric acid, urate of ammonia, earthy phos- 

phates, and silex. > ^ - 

' ' ' • 

'a 

The urinary concretionst which have heen extracted from the 
bladders of inferior animals, differ from those of the human sub- 
ject in containifij^ no uric acid, and in consisting chiefly of carbo*^ 
nate and phosphate of lime, cemented by aninjal matter. 



SECTION VI- 
OfJBonca^ Sheii9j Cruata^ Horn^ and Cartilage, 

The bones of animals are compos<gti|kirtly of earthy salts, which 
give them solidity and hardness, an^d partly of animal matter^ which 
serves the purpose of a cement, and keeps the earthy ingredients 
in a state of union. By long continued boiling, a large part of the 
animal matter is extracted, and a solution is obtained, which con- 
cretes, on cooling, into a gelatinous mass. Hence bones contain 
gelatine as one of their ingredients. But besides this animalieed 
substance, another is discovered by the slow action of diluted nitric 
or muriatic acid. Either of these acids dissolve both the earthy 
salts and gelatine; and a soft flexible substance remains, retaining, 
in a great measure, the shape of the original bone. This soft and 
spongy substance seems to be analogous to caitila^e; and is essen- 
tial to the constitution of all organi2ed bones and shells. Its pro- 
ductioti appears to be the first step in the formation of bone, and 
of the other hard coverings of animals. In chemical composition, 
h has been found by Mr. Hatchett (to whom we owe its discovery) 
most to resemble coagulated albumen. 

Besides the marrow, which i^ lodged in the hollow cavities of 
bones, they contain, in the most hard and solid pat*t of their sub- 
stance, a proportion of oil. This oil makes its appearance iti a hard 
and suetty form> on the surta<;e of the gelatinous mass extracted 
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by boiliii^. ^ It exudes^ also, ftom the bones of recent aifatomica) 
preparations; and a portion of it passes over, in a separate but al> 
tered state, when bones are subtnitied to distillation. By this pro- 
cess^ boties are deprived, not only of their oily part, but the other 
animal substances which they contain are decord^osed; a qnantity 
of carbdnate of aihn^onia is generated; and in .the retort there re- 
mains the earthy ingredients blackened by charcoal. By a farther 
ebmbttstion in the open air, this chjarcbal is destroyed; and the 
earthy ingredients are left in a perfectly white state. In this way 
large quantities of bones are distilled for the sake of the carbonate 
of ammonia, which is afterwards applied in making the muriate of 
that alkali. The animal ail;(ibrmerly used in medicine, under the 
jiame of Dififiel's oil^) is now, on account of its offensive smell, 
which unfits it for most other purposes, chiefly converted into 
lamp-black. ^^ 

When diluted muriatic or nitidc acid is poured Upon the white 
ashes of bones, an effervescence lake^ place, and nearly the whole 
is dissolved. Solution of pure ammonia^ added to thefiltercd liquid, i 
precipitates a white earth in great abundance; but after it has 
ceased to produce any effect, the addition of carbonate of ammonia 
occasions a fre^ precipitation. What is thrown. down by the pure 
alkali is composed of phosphate of lime and a ^mall quantity of 
phosphate of magnesia; and the precipitate by |he miiji alkali is 
the carbonate of lime.. The proportions, deduced from the analysis 
of ox-bones by Fourcroy and Vauquelin, are the following: 

Animal m^atter . . . . , .51 
PhQS.phate of lime ..... 37.7 
Carbonate of^Hpie ^ . . . , to 
Phosphate of magnesia . . • . 1^ 

100. 

Hnman bones w^re found by*Fourcroy and Vauquelin (who have 
giv«n a good general formula for the analysis of bones)* toxontain , 
some iron and manganese, and a larger proportion of magnesia 
than exists in the bones of herbivorous quadrupeds. This, indeed, 
might have been expected from the large quantity of magne^tfj 
which is constantly passing off in humafl urine, but not in that of 
other animals. Aiumine and silex were, also, found, by the saw* 
chemists, in human bones. Hildebr^ndt, hovrever, has lately ana- 
lyzed human bones, without being able to discover magnesia m 
them.f . V 

Beside* the'ab6vc ingredients, Mr, Hatchett discovered in bon« 
a, minute quantity of sulphate of lime; and Berzelitts has detecttfl 
a combination of fluoric acid with the same earth, which Morroc- 

* n Attn, de Chim. St82, | ^d Aon. de Cbim. W- 



think had previously fou^d in enamel, ^melius lua gken the 
foUonring tabi^ap view of the results of his analysis.* 

©ry Enamel , £mimel 

Bvouui . «fHanuin VirfQit\ . efOs' 

Boae» ' Teeth. B«nes. ■ Tcetlu 

. 33.30 . .. 3.56 



Cartilage • . . . 32.17 
Blood vessels . • . 1.13 . . •*- 
Fluate of lime . . 2.0 . . 3.2 
Phosphate of lime • 51.04 . . 85.3 
Carbonate of lime . 11.30 . .8.0 
phosphate of magnesia 1.16 . . 1.5 
"" " " ite of soda, > , , 

water, &c. . . j " 



2.90 . . 4.0 

55.45 . . 81.0 

3.85 . . 7.10 

2.05 • • 3.0 

Soda,* muriate of^soda,, ,,3^ _ 3.0 . . .2.45 . , U34 



100. 100. ^ 100. 100. 

Human teeth are composed of the same ingredients as the ena* 
' rnel, and in the same proportion, except that, in addition to other 
ingredients, they contain cartilage. This cartilaginous basis Mr. 
Hatchett found to reltaain in the original shape of the tooth, after 
removing the other component parts by diluted nitric acid. The 
enamel, on the contrary, dissolves entirely in diluted nitric acid,^ 
and is, therefore, free from cartilage. But it probably contains 
gelatine, and to the solution of this animal substance (which is not- 
aftterwards precipitable by alkalies) may perhaps be ascribed the 
loss, which forms part of the following results of the analysis of 
enamel obtained by Mr. Pepys. He found the enamel of human 
teeth to consioit of , 

% . ' 

Phosphate of lime ..... .75 

Carbonate of lime 6 

Lbss and nvater • • . • •• • 16 

/ , ' 100. 

The substance of the teeth Mr. Pepjrs found to be composed aa 
fbllows: 

BoouofAe > Teeth of fli^t Teeth of ' 
Teeth. Aduita. , Ghikteeau 

Phosphate of lime . . .58 . • ^4 . . 62 

Carbonate of lime • • - ^ ^ • . . • ^ - • 6 

Cartilage ., 28 . ^ 20 . . 20 

Loss . . . . ., . •. • 10 . -. 10 .^ . 12 

100. , lobi ; 100. 

The shells, with which several marine and also some land ani- 
mals are covered, have {)eJBn divided by Mr« Hatchett into two 

* Aonales de Chiinie, Ixi. ^7. 
Vol. n^P p 
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by boiling. It exudes^ also, from tbe bones of tcc^. 
preparations; and a portion of it passes over, in fl^^ % 
tered state, when bones are submitted to distiiy^ 
cess, boDes are deprived, not only of their oi|f 
animal substances which they contain are df^^*^ 
of carbdnate of ammonia is generated; and'^ ||^ 
mains the earthy ingredients blackened b'x "^ 
combustion in the open air, this charr^ *^ 
earthy ingredients are left in a perfe<^ ' 
large quantities of bones arc distilled . \ \ 
of ammonia, which is afterwards ar ' ? w ^ 
that alkali. The animal oil:(ft>rnir x 27 ^ - 
name of Dififiel's oiL,) is now, r^ 
which unfits it for most otto/* 
lamp-black. • ' ' ^ > :»• 

When diluted muriatic r 
ashes of bones, an. effervej* 4 
is dissolved. Solution off/ - 
precipitates a white efi/ft 
ceased to produce anyi|i 
occasions a fresh pre/|| ^ 
alkali is convposed ,/// ^ ^ 
phosphate of mar///|^|| 
ti^e carbonate of]:0\.& * ^ 
of ox-bones by %/?* 
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r «»00th part. (€|^. 
ad coagulated atbumeh. 



//' 



// 



Cartilage. 



// 



yzed the carti^ge of the «y«a*, /teregrinw. 
. sparingly soluble m waterj the soluUon was vis- 

• ■ •t^.'^T' T u "J^ -* 5«lo«'f «f reddened Utmus; 
.cipitat^d by sulphuric, nitric, ormurUUc acid. Tex' 

« ^ r^-l!^ V "^ rf *,''* precipitate. . OKymuriatic idd "- 

- H ,dd a deposit, as did also the pro-nitrate of mercurv^d Ae 

gir .etate of lead. Iirfusiop of galte product onl/aSt ^Jd 

sr #en boiled with alcobol, the cartilage' shrunk inT^^J 

ytfie opaque by lowng water. The first washings had^ «^ 

;jrof Ammoniuret of copper, an^deposited, an ^al matt^ 

^m the residue of the eVaporaUon of thei« washing,, hvS^te^^f 

/Ape diseiigaged a largte tjuahtity of »nnnonia. "yarate ot 

• ■t.lT ?«**>!*«<• ^ muriatic acid, and the.soltition -was ^«. 
cipitated Sy infnsibn of galls. Nitric acid dissOlveS ,S JS,"' 
.evapora^d, gave oxUic acid, nitrate o%>da, a yellow mSlr^^ 
ferentihiih that df Welther, afid an od3?ou8 oil "^ •"^■ 

JLbX"Sr'«'^*'°"' '* ^"^ °'-*»"y P««»-t. of ani- 

•' ■ . ■. 

* 81 Ann. de Chim. 304. 
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SECTION VII. 

/ , 

Of MuaclCi Membrane^ TendoHi Ligament J ^ 

<■ , ' 

The tixua^t^lar fic^ih of animals consists chiefly of the^ peculiar 
substance^ which has been already clescribect under the name of 
fibrin. Though generally of a reddish colour; yet, essentially, 
|i|uscular fibre is wh\te, and may be obtained in this state, if all 
the soluble parts be first washed away by long continued affusioixs 
of water, which acquires a dark colour. The solution, if concen** 
t%*ated by boiling, gelatinates on cooling; and hence gelatine ap« 
pears to be one of the constituents of tnuscle. Albumen is another 
ingredient, and makes its appearance by a deposition of coagulay 
ted flocculi in the heated watery solution. A portion of fat, alsQ, 
frequently concretes on cooling; but this is to be considered rather 
as an accidental admixture. From the gelatine, when evaporate4 
to cj^yness. alcohol removes a peculiar kind of extract, soluble in 
water and in alcohol, and first described by Thouvenal. The entire 
muscle, when calcined, leaves, about 5 per cent, of its weight of 
saline matter, composed chiefly of phosphates of soda, ainmonia 
and lime, and carbonate of lime. 

Lean flesh, Berzelius finds, is composed of nearly three- fourths 
its weight of fluid. This fluid contains a free acid; and the ex- 
tract, which Thpuvenel described, is the same acid syrupy mass, 
-which is met with in milk and urine, and which consists of lactic 
acidy an alkaline lactate, and the animal matter, that always ac- 
coxnpanies the lactates. The fluids of muscle abound much more 
in this syrupy extract, and contain more phosphate of soda,/ than 
the blood. The solid fibre is interwoven with the cellular texture, 
and is furnished with minute veins and nerves. It agrees, in 
chemical properties, with^he fibrin of the bipod;; and it is soluble^ 
eitcept the cellular texture of veins and nerves, in acetic acid.' By 
boiling it becomes, like the .fibrin of blood, insoluble in acetip 
acid, and imparts to the water, with which it has been boiled, a 
constituent part, which has a strong and pleasant taste of flesh, 
and caiinot be gelatinized. When this is dissolved, and mixed with 
the unc^ag^lated part of the humours of the flesh, it form^ what 
is called broth^ the strength and taste of which depend, not onljf^ 
oh the dissolved gelatine of the cellular texture, but also op the 
fibrin^ the taste of which it retains. The taste does not depend on 
thp extractive matter of Thouvenel; for flesh, from which this ex? 
tract has been separated, still gives a palatable thouj^h colourless . 
soup. 

Considerable difierences' exist in the colour and other proper- 
ties of the mi^cular fl^esh of diflrerent animals; but the cause of . 
these difierences is not weU understood. It depends, mpst pro- 
ifably, on the proportion which the fibrin, albumen, and other' 
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principles bear to each other. Gelatine appears to be most abun- 
dant in the flesh of young animals^ and albumen and extract Id 
that of old ones. 

The tendons^ or sinews as they are commonly called, are the 
a trong cords in which muscles terminate, and which connect them 
with the bones. They differ from muscle in the total absence of 
fibrin; a«rl in being completely soluble in water by sufficiently 
long boiling. The solution has the properties of gelatine. 

The ligaments are excessively strong bands> which tie the htoM 
together at the different joints. They are in a great measure, bH 
not completely, soluble by boiling water; and contain, therefor^ 
beside gelatine, some other animal substance, probably coagulated 
albumen. 

Membranes are thin semi-transparent substances, which some- 
t|mes form bags for containing fluids, and sometimes line the# 
ferent cavities of the body. They are for the most part, thougfc 
not entirely, soluble in water; and are composed, therefore, chieflj 
of gelatine. Hence by the common process of tanning, membrane 
are convertible into leather. There is an essential difference, 
however, between cellular or serous membranes, and mucoos 
membranes.. The latter furnish no gefatine by boiling; and are 
sooner destroyed than any animal substance, the brain excepted, 
h^ maceration in water^ or by the action of acid^. 
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SECTION VIII. 

Of the sqft Coverings of jinimals^ -viz, J/ails^ Scales, Skinj HaiTf 

Seathersy and WhoL 

The nails and hoqfs of animals most nearly resemble horn m 
diemical cotnposition. Their basis seems to be a series of mem- 
branes composed of coagulated albil^en, in which is deposited a 
quantity of gelatine. Long boiling does not entirely dissolvethcro. 
By calcination they have only a very small proportion of earthy 
matter. 

The scales of serpents also rescimble horn in their chemical 
composition and properties. The scales of fish, on the contraiTj 
are more nearly analogous to mother of pearl, and are composed 
of alternate layers of membrane and phosphate of lime. 

The skin consists of two distinct parts, a tough white membrow 
on the outside which is almost insensible, and an internal one,ro" 
of blood vessels and nerves, and distinguished by great sensihilitf 
Between these two, in the human body, is a soft mucous sod- 
stance called rete mucosum. _ ' 

1. The external layer, called the cuticle or efiidermiSf 'n ^^ 
separated from the parts beneath by the action of a blister. It f 
not soluble in water> nor in acids^ unless th^y are sufficiently con- 
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centrated to decompose it. Hence it differs frotn gelatine. Alka- 
lies however dissolve it; and, in this respect, it agrees with coagu* 
lated albumen, which it resembles, also, in receiving a yeik>W 
tinge from nitric acid. 

2. The 6utr» veruy which lies beneath the cuticle, consists of a 
number of fibres crossing each other in various directions, and 
has considerable firmness and elasticity. Long continued boiling 
in water entirely dissolves it, and a solution is obtained which go- 
latinates on cooling, or, by farther evaporation, may be wholly 
converted into glue. 

The true skin is composed, therefore, almost entirely of gela« 
tiine; but under some modification which renders it insoluble in 
water. It is this substance that adapts the skins of animals iat 
two important uses, that of being converted into leather by the 
reception of the tanning principle, and that of furnishing glue. 

3. Of the rete mucoaum very little is known. It is that part of 
the skin, on which its colour depends; and by the suf^tciently long 
continued application of oxymuriatic acid, it has been found that 
in the negro it may be entirely deprived of its colour. 

Hair has 'been examined with considerable attention by Vauquc" 
lin. He effected a complete, solution of it in water by using a 
Papin's digester. The application of the proper temperature re- 
quired, however, some caution; for if raised too high, the hair was 
jdecomposed and gave carbonate of ammonia, empyreumatic oil, 
and sulphureted hydrogen. The solution always contained a sort 
of bituminous oil, the colour of which approached to that of the 
hair which had been dissolved.^ After separating this oil, the so- 
lution was precipitated by infusion of galls and by oxymuriatic 
acid; but did not gelatinate on cooling. Acids occasioned a pre- 
cipitate, which was re-dissolved by adding more acid. Silver was 
precipitated from its solutions of a black colour, aiid lead of a 
brown. 

A diluted solution of potash dissolved hair, excepting a little 
oil, si^phur, and iron; and the compound was a sort of soap. The 
oil, if red hair- was employed, had a yellow tinge# Alcohol, also, 
extracted from hair a- portion of oil, the colour of which varied 
with that of the hair. 

The coal, obtained by incinerating hair, afforded phosphate, 
sulphate, and carbonate of lime, muriat.e of soda, silex, magnesia, 
and oxides of iron and manganese. The whole of these sub- 
stances bore a very small proportion to the hair, and varied in^ 
hair of different colours. Hair, therefore, appears to consist chiefly 
of an animal matter resembling coagulated albumen; of an oil of 
various colours; of sulphur, silex, carbonate and phosphate of 
lime; and oxides of iron^ and manganese. 

Feathers probably agree in composition with hair. The quill, 
Mr. Hatchett has shown, consists of coagulated albumen without 
any gelatine. ' 

The composition oi wool is not accurately knowfi; but from its 
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Jbiming » soap ivith pur^ alkatieS} it probaMy consists of xoagult- 
ted jalbumen. 

We ar^ equally ignorant of the true nature of silk. It is inso- 
luble both in water and in alcohol, but disisolves in pure alkalies 
and acids. By the aptiou of nitric acid it affords the peculiar suU- 
stanca already described under the name of the bitter prii>ciple. 



SECTION IX. 

Of the Substance qf the Brain, 

The medullary inatter of the brain and nervous system appears 
to differ from all other organized substances. It w^s first examin- 
ed by M» Thouret, with a view to explain why the brain was ex- 
empted from the change, observed in the bodies which were 
interred in the Cimetiere d'ea Innocena. Fourcroy afterwards add- 
ed mai^ important facts, and corrected M. Thouret in several 
particulars^ and Vauquelin has published an elaborate set of expe- 
riments on the satne subject.* 

The medullary substance of the brain is of a sc^ censistence, 
and forms, when agitated with water, a sort of emulsion, that 
passes through the finest sieves. This fluid is coagulated by a 
temperature" of 160®, and a quantity of a substance resembling al- 
bumen is separated. The same coagulation is produced by acids; 
but the coagulum differs, in several respects, from that which 
takes place from the serum of the' blood. On being boiled with 
alcohol, it loses about six lOths of its weight; but one third of the 
portion, which has been dissolved, is again deposited on cooling 
in the form of shining crystalline plates resembling those which 
are obtained from biliary calculi, from spermaceti, or fromadipo- 
cire; but differing from those substances in requiring a higher 
tempei^ature for its fusion. It stains paper like a fixed oil, is so- 
luble in 20 times its weight of boiling alcohol; and is miscible with 
V^ater into a sort of emulsion, from which it does not separate on 
standing, and which is not acid. From the results of its combus- 
tion, both alone and with nitre, Vauquelin infers that it contains 
Qucombined phosphorus. ' 

^ Alcohol, by digesting with brain, acquires a greenish colour, 
which it retains even after filtration. By evaporation to one eighth 
its bulk it deposits a yellowish oily fluid, and the liquor itself is 
yellowish. When repeated quantities of alcohol are digested on 
the same portion of brain, the alcohol is tinged a sapphire blue co- 
lour. These colours remain, till the whole alcohol is expelled by 
heat, when the residuary matter acquires a yellow tinge, of 

* Thomson's Ann^s, i. 332. 
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greater or less ifitensity. The fetter pottions of alcohol, do not| 
like the first, deposit oil on standing. 

The liquid oil, after being washed with water, and evaporated to 
dryness at a gentle heat, has a reddish brown colour, and a smell ' 
iresembllng that of the brain itself, but stronger. Its taste is like 
that of rancid fat. It forms, with water, an emulsion which is Co- 
agulated by the addition of acids, and by inftfsion (if tan, .It is 
solublein hot alcohol; and the greater part separates on cooling. 
Though freed fix)m all acid by washing, yet it furnishes phospho- 
lie acid by being burnt either alone or with nitre; and hence we 
must admit the presence of phosphorus in this f^tty inattcr, as well 
as in the crystalline substance. From the latter, indeed, it appears 
to differ only in containing a quantity of animal inatter) which is 
separable by cold idcohol. 

The acohol, from which the fatty matter has separated, has a. 
yellow colour^ a taste of the juice of meat, and gives marks of acidi- 
ty. It contains super-phosphate of potash, and 'a peculiar animal 
matter^ which by its solubility in cold alcohol and water; by its 
property of being precipitated by infusidn of galls; by its reddish 
brown colour, its deliquescence, its taste and smell ol the juice of 
meat, may be regarded as identical with the substance, which 
Rouelle formerly called saponaceous extract of meat, an^ to which 
Thenai*d has given the name of Oemazome. It is this substance 
which tinges the fatty matter, extracted from brain by alcohol. 

The portion of brain which remains after the full action of alco- 
hol,^ is a greyish white matter in the form of floclcs, which resem- 
bles cheese externally. In drying, it assumes a gray coloui^, a 
semi-transparency, and a fracture similar to that of gum arable. It 
appears, as Fourcroy supjilosed, to be perfectly identical with albur 
men; and it is this ingredient, which; occasions the coagulation of 
br^n, >vhen mixed with water, hf he^t, acids, metallic salts, &c. 
The sUkaline solution of this part of brain precipitates acetate of 
lead of a dark brown colour, showii^g obviously the presence of 
sulphur. 

The me^lplla of the brain, when exposed to the air, soon under- 
goes spontaneous decomposition; and evolves an acid, befojf* e it 
passes to th e putrid state; but under water it may be kept a long 
time without any change. Nitric acid does not produce the same 
effects upon it, as on other animal substances. No nitr(»gen is se- 
parated; but, wjben the temperature is raised, a large quantity of 
carbonate of ammonia Is disengaged, and oxalic acid is found in. 
the retort. 

Diluted sulphuric acid, partly dissolves brsdn, and coagulates 
another part. The acid solution becomes black when concentra- 
ted by evaporation; sulphurous acid is generated; and crystals are. . 
formed which consist of sulphate of ammonia. Besides this salt,, 
sulphates of ammonia aiid lime, phosphoric acid, and phpsphates 
ef soda and ammonia are found in the liquid. 

When brain is dried at the temperature of boiling water, it co- 
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agulates and some water separates from it. When distilled io 
close vesselS} ammonia is disengaged; which, uniting with carbonic 
acid formed at the same time, composes carbonate of ammonia; 
A portion of oil is obtained also, and sulphureted and carbureted 
hydrogen gases are formed. In the retort a coal remains which 
aSbrds traces' of phosphates of lime and spda. 

The mass of brain, as appears from the experiments of Vauque- 
|in, is composed, therefore, of 1st, two fatty matters, which are 
probably identical; 2dly, albumen; Sdly^ osraazo^e; 4thly, different 
salts; and, among others, phosphates of potash, lime, and ms^pae- 
fia, and a little conmion salt; 5thly, phosphorus; 6thly, sulphur. 
The following is to be considered inerely as an approximation to 
their proportions. 

1. Water 80.00* 

2. White fatty matter 4.53 

3. Red fatty matter 0.7Q 

4 Albumen ...«••.. 7.00 

5. Osmazome • 1.12 

6. Phosphorus ...;... 1.50 

7. Acids, salts, and sulphur . . • 5*15 

100. 
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CHAPTER I. 



ANALVSIS OF MINERAL WATERS. 

* 

The complete and accurate analysis of mineral waters, and of 
mineral bodies in general, is one of the most difficult subjects of 
ehemical manipulation, and requires a very extensive acquaintance 
with the properties and habitudes of a numerous class of substances. 
Long and attentive study of the science is therefore essential to 
qualify any one for undertaking exact and minute determinations 
of the proportion of the component parts of bodies. Sued minute- 
ness, however, is scarcely ever required in the experifiiints thaf 
are subservient to the ordinary purposes of life; a general know- 
ledge of the composition of bodies being sufficient t0 assist in 
directing the most useful applications of them. I shall not attempt, 
therefore, to lay dowti rules for accurate analysis, but shall only 
describe such experiments as are suited to afford an insight into 
the kind, but not to decide the exact proportion, of the constitu- 
tot principles of natural waters, and of mineral substantias in ge- 
nerid. 

Before proceeding to the analysis of A water, it is proper to in- 

?'uir6 into its natural history, and to examine attentively its physi- 
al characters. The nature of the strata in the neighbourhood of 
file spring, will often furnish useful suggestions rejecting th6 
contents of the water; the period of the year !^hould be stated at 
which the analysis was performed; and whether after a rainy or 
dry reason. The temperature of the water must be carefully ob- 
served, a^ it issues fh>m the sprin||^and the quantity inquired into, 
wliich it yields in a given time. The sensible qualities of taste, 
Vol. II.-.Q q 
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stnell, degree of transparency, &c. are al^ best ascertained at the 
fountain-head. The specific gravity of t^p water may be found by 
Sveighihg a bottle, which is capable of containing a known weight 
of distilled water,"* at a certain temperature, filled with the water, 
under examination, at the same temperature. It is proper, alsO) to 
examine, on the spot, the channel through which the water has 
• flowed; to collect any deposit that may have been formed; and to 
investigate its nature. 

The effects of heat on the water .may be next tned. Many wa- 
ters lose their transparency when their' temperature is raised, and 
let fall a considerable deposit. The quality of this may, in some 
degree, be conjectured froip its appearance. If its colour be brown- 
ish yellow, it consists, either wholly or chiefly, of oxide of iron; if 
while, or nearly ^hite, it is composed principally of the carbonate 
of lime or magnesia. A mineral water^ containing iron, depodts 
that metal also, when exposed to the atmosphere; and a. thin pelli- 
cle-forms on its surface, whether stagnant in a natural rcftcrroiri 
or collected in a separate vessel. By this exposure, iron may be 
sometimes discovered in a water, though not easily detected at 
first; because it becomes farther oxidized, and more sensible to the 
action of tests. Sulphureted hydrogenous waters deposit a sedi- 
ment,- even when preserved in a well-closed phial; the hydrogen 
quitting the sulphur^ which settles in the form of a white powder. 



SECTION I. 

*JExaniination of Mineral Waters' by Re^agenU, 



Wajjpjj. is never presented by nature in. a state of complete pu- 
rity. Eyc|i when collected as it descends* in the form of rain, che- 
mical tests detect in it a minute proportion of foreign ingredients^ 
And when it has been absorbed by the earth, has traversed its dif- 
ferent strata, and is returned to us by springs, it is found to Itave 
acquired yarious impregnations. The readiest method of judging 
of the contents of natural waters, is by applying what are termed 
tests, or re-agents; i, e. siibstances which on being added to a water, 
exhibit, by the phenomena they produce, the nature of the saline, 
or other ingredients. For example, if, on adding infusion of litmus 
to any water, its colour is changed to red, we infer, that the water 
contams an uncombined acid: if this change ensues, even after the 
water has been boiled, we judge that the acid is a fixed, and not « 
volatile one: and if, on adding the muriated barytes, a preeipitate 
falls down, we safely conclude that the peculiar acid; V^^^^^^c^i 
water, i« either entirely or in nart, the sulnhuric acid. I shall nr» 
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water, ra either entirely or in part, the sulphuric acid. I shaii nn. 
enumerate the tests generally employed in examining waters, an 
describe their application; and, afterwards, point out by wh 
ticular tests the substance^, generally found in waters, may 
tected. 
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' In misuiy iastances, ho^wever, a mineral water may cantain a sa- 
line, or other ingredient, but in such small quantity as (o escape 
discovery by tests. It is therefore advisable to apply die tests of 
£xed substances to the water, after reducing its bulk one half, or 
in some cases considerably more, by evapomtion, as well as in its 
natural state. 

The useof te^ts, or reagents, has been employed by Mr. Kir- 
wan to ascertjain by a careful examination of the precipitate not 
only the kind^ but the quantity ^ of the ingpredients,of mineral wa- 
fers. This will be best understood from an example. It is an estab* 
lished f^ct, that 100 parts of crytallized muiriate of soda, when 
completely decomposed by nitrate of silver, yield, as nearly as pos- 
sible, 240 of precipitated muriate of silver. F»om the weight of the 
precipitate, separated by nitrate of silver from a given quantity of 
any water, it is therefore easy, when no other muriatic salt is pre- 
sent, to infer what quantity of muriate of soda was contained in tho 
water;.since every hundred grains of muriated silver indicate, pretty 
accurately, 41 J of crj^&tallized common salt. The same mode of 
estimation may be applied in various other instances^ and the rule 
for each individual case will be stated in the following description 
of the use of the various re-agents. 

For the analysis of mineral waters, and of mineral bodies in 
general, ^ests oC the utmost purity are required. It will be found 
extremely useful to keep the three minersil acids, the alkalies, and 
the alkaline carbonates, in a liquid form, and of such strength, that 
one measure of the o»e^ll neutralize either one measure, or some 
simple multiple o£ one, of the other. Tbe advantage, thus obtained, 
is, thaf when it is necessary to precipitate a substance, held in so- . 
lution by an acid, we can take just the quantity of alkali required 
for the purpose; a precaution of great use in all cases, where the 
substance to be precipitated is- re-dissolved by adding an excess ©f 
the precipitant; as l^appens, for instance, with respect to alumine. 
It is of no consequence of what precise strength these solutions 
are; but the following will be found of convenient density; and, 
though pcriiaps the numbers may require a little correction in 
some instances, yet they are suf&ciently accurate for the purpose 
they are inteJfcd to serve. 



Liquids. Sp. grsTity. 

Sulphuric acid . . . 1.135 

Nitric acid ... « .^ 1.143 

Muriatic acid . . . 1.074 

Potash 1.100 

Soda l.oro 

Ammonia - . . . 0.970 

Subcarb. potash . -. 1.248 

— soda . . . I.IIO 

■ *- ammonia 1 .046. 



Meftiuraffor 
rattuation. 

. 1 . 

. 1 . 

. 1 . 

. 2 . 

. 3 , 

. 1 

. I . 

. 3 



100 Water gr., 
measiiref contain 



15.7 gr. real 

23.27 gr. do. 

11.89 gr. do. 

9.3 gr. do. 

6.1 gr. do. 



31. 
11.5 



gr. dry 
gr. dry 





The first colunn of the foref^ttig Table eaepreMe* Oie specific 
gravity of the liquid test; the second, the number of measures of 
each required for saturating any of the others; and the third, the 
number of grains of real acid, real alkali, or solid carbonate, in 
100 measures of solution, each measure being equal to a grain of 
ivater. From the last column, and with the aid of the Scale q^ equi* 
vaientsj it is easy to calculate how much any other test, of known 
composition, is required for decomposing 100 water grain mea- . 
suresof any of the solutions in the Table. Thus 15.7 grains of I 
real sulphuric, acid will be found, by Dr. Wollaston's scale, to be 1 
capable of decomposing 41.2 grains of dry muriate of bavytei 
(equal to 48 of the crystallized muiiate.) It may be adviseabley 
therefore; to keep a solution of muriate of barytes^,. of such strength, 
that 400 water grain measures may contain 4& grains of the crfs* 
tals; in which state the solution' will be more conv^ilent for use^ 
than if it were stronger. The same plan may be extended to 
ether tests, the quandties of which may- thus be accurately adjust* 
ed to the purpose intended to he answered. Indeed^ it would 
contribute very much to accuracy, as well as to economy, if all the 
chemical solutions, kept for purposes of research, had their ^eci^ 
fie gravity, and the proportion of their ingfredient in a real or solid 
state, marked on the labels of the bottles contaAning them,— a 
practice of which 1 have long ei^peiienced the advantages* 

When filters of paper are used for collecting precipitates, great 
caution is necessary that their weight should be the same, before 
and after the experiment. Even during the time of weighing, tb^ 
acquire moisture from the atmosphere; and it is therefore neces* 
. sary, before taking their weight correctly, to obtain an approxima- 
tion to it; after which, the paper being again dried, less time is oc- 
cupied in determining it within the fraction of a grain. The on- 
sized paper, which accompanies Mr. Watt's copying machine^ 
answers the purpose extremely well. It is thjs which was always 
employed by Berzelius, whenever he used filters at all; but their 
use, when the nature of the precipitate admits, he thinks should 
be avoided.^ I am not inqlined, however, to coincide in his rejec- 
tion of filters, and am of opinion that, when they are carefully aD4 
skilfully used, there is no better way of collecting and drying pre> 
cipitates. In order to wash away, completely, all soluble matter^ 
a stream of distilled water should be directed upon the edge of 
the paper, when laid in the funnel, eit|ier from a dropping tube or 
from the bottle, fi^. 25, fz. 

I — It{fu8ion qf Litmus, S^vufi <if Violets j Vfc. 

The infusion of litmus is prepared by steeping this substancCf 
first bruised* in a mortar, and tied up in a linen rag, in distilled 
Water, which extracts its blue colour. 

* 78 Annaiea de Chimie, 31. 
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If the eoknir of the infusion tend too much to purple^ it may be 
amended by a drop or two of solution of pure ammonia; but of this 
no more must be added than is barely sufficient, lest the delicacy 
of the test should be impaired. 

The syrdp of riolets is not easily obtained pure. The genuine 
syrup may be distinf^uished from the spurious by a solution of 
eorrosive sublimate^ which changes the former to green, while it 
reddens the latter* When it can be procured genuineyit is an ex- 
cellent test of acids, and may be employed in the same maiiner as 
the infusion of litmus. It indicates, sdso, the presence of alkalies, 
which turn it green. 

Paper stained with the juice of the March yiolet, or with that of 
the scrapings of radishes, answers a similar purpose; being turned 
tM by acids, and green by alkalies. In staining paper for the 
purpose of a test; the paper must be used unsized; or, if sized, it 
must preriously be well washed with warm water; because the 
alum, which enters into the composttion of the size, will otherwise 
change the vegetable colour to red. ' 

In the Philosophical Magazine, vol. i. page 180, may be found 
some recipes for other test liquors, invmted by Mr. Watt. 

Infusion of litmus is a test of most uncotnbined acids. 

I. If the infusion redden the unboiled, but not the boiled water, 
under examination; or, if the red colour, occasioned by adding the 
infusion to a recent water, return to blue, on boiling;. we may infer, 
that the acid is a volatile onoj^and most probably the carbonic acid. 
Sulphureted hydrogen gas^ dissolved in water, also reddens litmus, 
but not after boiling; and its presence is easily discovered by its 
offensive smell. 

To ascertain whether the chaise be produced by carbonic acid 
or by aulphufeted hydrogen, when experiment shows that the red* 
dening cause is volatile, add a little lime^'Water, or, in preference) 
byytic water. This, if carbonic acid be present, will occasion a 
precipitate, which will dissolve, with efiervescence, on adding a 
little muriatic acid. Sulphureted hydi*ogen may also be contained, 
along with carbonic acid, in the same water; which will be deter- 
mined by the tests hereafter to be described. 

In some cases, when the change of colour is so slight as to be 
scarcely perceptible, it may be proper to use half a pint or more 
of the water which we are examining, and to mix it with the infup 
sion of litmus in a broad shallow glass vessel, set on a sheet of white 
paper; using for the sake of comparisot» a similar vessel of distilled 
water, coloured by an equal quantity of the Ikmus infusion. 

3. Pap^r tinged with litmus is also reddened by the presence of 
carbonic acid, but regains its blue colour on drying. The mineral 
and fixed acids redden it permanently. That these acids, however^ 
inay produce their effect, it is necessary 'that they should be pre- 
sent in a sufficient proportion.*^ The dark blue paper, which is 

* See Barwan on Mineral Waters,' page 40. 
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generally wrapped round loaves of refined sugar^ is not discolour- 
ed by carbonic acid or sulphureted hydrogen^ but only by the 
stronger acids. 

II. Infusion of Litmus reddened by Vinegari-^Sfiirituoua Tinc- 
ture of Brazil-fWOody^Tincture of Turmeric^ and Pafier stain* 
ed with each of these three Substances ^--^ Acid Tincture of Qsb- 
bage^-^Syrufi. -of Violets, 

All these different tests hare one and the same object. 

1 . Infusion of litmus reddened by vinegar, or litmus paper red- 
dened by vinegar, has its blue colour restored by pure alkalies 
and pure eartjis, and by carbonated alkalies and earths. 

2. Turmeric paper and tincture are changed to a reddish brofn 
by alkalies, whether pure or carbonated, and by pure earths, bat 
not by carbonated earths. Dr. Bostook finds that it is obviously 
affected by a solution, containing only one 2000th of its weight of 
potash. 

3. The red infusion of Brazil-wood and. paper stained with it, 
become blue by alkalies and earths, and even by the latter whe9 
dissolved by an excess of carbonic acid. In the last mentioned 
case, however, the change wUl either cease to appear, or will be 
much less remarkable, when the water has been boiled. 

4. Infusion of the leaves of red cabbage in very dilute sulphuric 
acid has a red colour, which is rendered blue by alkalies, wheo 
.added in quantity just sufiicient to neutralize the acid. Hence, if 
the infusion be made with a known quantity of acid, it becomes « 
test of the quantity of alkali in any solution. As it is ap^to spo3 
by keeping, it should be prepared fresh when wanted, from the 
leaves dried carefully and preserved in corked vials. 

5. Syrup of violets, when pure, is, by the' same agents^ turned 
green;* as is also paper stained with the juice of the violet, or H|th 
the scrapings of radishes. - 

III tincture fif Galls. 

Tincture of galls is the test generally employed for discovering 
iron; with all the combinations of which it produces a black 
tinge more or less intense according to the quantity of iron. The 
iron, however, in order to be detected by this test, must be in the 
state of red oxiue, or, if oxidized in a less degree, its effect will 
not be apparent, unless after standing some time in contact with 
the air. By applying this test before and after evaporation, or 

* According to Mr. Accuro, symp oi violets, which has lost its colour by 
keeping, may be restored by agitation, during a few minute^ in contact 
with oxygen gas. In preference to the symp, Mr. Bescroizilles recom- 
mends as a test the fiickle of violets, prepared by adding common salt to tts 
expressed juice. Annales de Cbimie, Ixvii. 80; or NicbolscNi's Joaraali 
XXV. 33a. 
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boiling) we may know whether the iron l^e held in solution by car- 
bonic acid, or by a fixed acid; For, 

1. If it produce its effect before the application of heat, and not 
afterward, Carbonic acid is the solvent. 

2* If aftert as well as before, a minei^l acid is the solvent. 

3. If, by the boiling, a yellowish powder be precipitated, and 
yet gaHs still continue to strike the water black, the iron, as often 
happens, is dissolved both by carbonic acid and by a fixed acid. 
A neat mode of applying the gall-test was used by M. Klaproth^ 
in his analysis of the Carlsbad water; a slice of the gall-nut wa« 
suspended by a silken thread in a large bottle of the recent wateTf 
.find so small was the quantity of iron, that it could only be disco- 
vered in water fresh from the spring, by a slowly-formed and dark 
cloud, surrounding the re-agent.* 

It has been remarked by Mr. R. Phillips, that the presence of 
carbonate of lime rather heightens the colour produced by this 
test, when the iron is at the minimum of oxidation; but that when 
the metal is in the stfete of per-pxide, it diminishes the effect so 
much, that a very minute quantity of iron may elude entirely the 
action of the test. 

'W.'^^Sul/ihuric Acid. t 

1 . Sulphuric acid discovers, by a slight effervescence, tlie pre- 
sence of carbonic acid, whether uncombihed or united with alkalies 
•r earths. 

2'. If lime be present, whether pure or uncombiufd, the addi-* 
tion of sulphuric acid occasions, after a few days, a wnite precipi- 
tate. If from a mineral water, which has been well boiled, the 
addition of sulphuric acid extricates sulphureted hydrogen gas, 
Mr. Westrumb infers the presence of hydro -sulphuret of lime. 
In this case, sulphate of lime is precipitated.! 

3. Barytes is preci|>itated instantly, in the form of a white 
fowder. 

4. Nitric and muriatic salts, in a dry state, or dissolved in very 
little water, on adding sulphuric acidf and applying beat, are de- 
composed; and if a,^stopper, moistened with solution of pure am- 
Aionia, be held over the vessel, white clouds will appear. For 
distinguishing whether nitric or muriatic acid be the cause of this 
appearance, rules will be giv^n hereafter. 

y ,m*»^JV7tric and JVttrous Acids, 

The^e aclds> if they occasion effervescence, give the same indi^- 
cations as the sulphuric. The fuming red nitrous acid has been 
rea^zunended as ^ test distinguishing between hepatic waters that 
contain hydro sulphuret of potash, and those that contain only 

* Klaprotb, vd. i. page 279* f Nicholo&'s Journal, xviii. 40. 
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iulphureted hydrogen gas. In tHe former case^ a precipitate en- 
sues on adding nitrous acid, and a very fetid smell arises; in the 
latter, a slight cloudiness only appears, and the smell of the water 
becomes less disagreeable. If a water, after boiling, gives a pre- 
cipitate df sulphur, on addin|^ nitrous acid, Westrumb concludes 
that this is owing to hydro-sulphuret of lime* 

Vh^m^Oxulic Mid and Oxdtates. 

* The oxalic acid is a most delicate test of lime, which it sepa^- 
fates from all its combinations. 

1. If a water, which is precipitated by oxalic acid, become 
milky on adding a watery solution of carbonic acid, or by blowing 
air through it from the lungs, by means of a quill or glass tube, 
we may infer, that pure lime (or barytes, which has never yet 
been found pure in water) is present. 

2. If the oxalic acid occasion a precipitate before, but not after 
boiling, the lime is dissolved by an excess of carbonic acid. In 
this case, carbonate of lime is separated, by heating the water, in 
the form of a white sediment, or of a sediment tinged yellow by 
oxide of iron, when that metal is also present. 

3. If oxalic acid occasion a precipitate even after boiling, the 
solvent of the lime is a fixed acid. A considerable excess of any 
of the mineral acids, however, prevents the oxalic acid from 
fhromng down a precipitate, even though lime be present; be- 
cause some acids decompose the oxalic, and others, dissolving the 
oxalate of liiyie, prevent it from appearing.* 

The oxalate pf ammonia, or of potash (which may easily be 
formed by saturating the respective carbonates of these alkalies 
with a solution of oxalic acid,) are not liable to the above objec* 
tion, and are preferable, as re-agents, to the uncombined acid. 
Yet even these oxalates fail to detect lim« when greatly supersa- 
turated with muriatic or nitric acids; and, if such an excess be 
present, it must be neutralized, before adding the test, with pure 
diiimonla. A precipitation wilt then be produced. The preseitce 
of other earths in solution, along with lune, also impedes decom- 
position by oxalic acid and the oxalates. Thus a watery solution 
6f sulphate of magnesia and sulphate of lime is not precipitated by 
fhese tests. 

The quantity of lime contained in the precipitate may be known, 
by first calcining it with excess of air, which converts the oxalate 
into a carbonate; and by expelling from this last, its carbonic acid, 
by calcination, with a strong heat, in a covered crucible. Accord- 
ing to Dr. Marcet, 1 17 grains of sulphate of lime give 100 of oxa- 
late of lime, dried at 160<* Fahrenheit. The use of oxalate of 
immonia, that excellent analjrst finds, is in some degree limited 
by its property of precipitating the^ salts of iron. 

^ See jSirfrsai on Waters, page 99/ 
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The fiuateof ammonia^ recommended by Scheele, I find to be s^ 
most delicate test of lime. It may be prepared by adding carbo- 
nate of ammonia to diluted fluoric acid, in a leaden vessel, ob- 
serving that there be a small excess of acid. 

VII.— Pttrtf Alkalies and Carbonated Alkalie9* 

1. The pure fixed alkalies precipitate most of the earths anj4 
all the metalsy whether dissolved by volatile or fixed menstrua, b\it 
only in certain suytes of dilution; for example, sulphate of alumine 
may be present in water, in the proportion of four grains to 500^ 
without being discovered by pure fixed alkalies; and if too mi;icb 
of the alkali be added to a more concentrated'' solution, the alu* 
mine is re-dissolved. If the alkali be perfectly free from carbonic 
acid, it does not precipitate lime, strontites, or barytesi except 
wben those earths are held in solution by carbonic acid in excess, 
and then in the state of carbonates. 

As the alkalies precipitate so many substances, it is evidetit that 
tbey cannot afford any very precise information, when employed 
as re-agents. ^From the colour of the precipitate, at.it approaches 
to a pure white, or recedes from it, an experienced eye will judge, 
that ibe precipitated earth contains less or morp of metallic ad- 
mixture; and Us precise composition must be ascertained by rules 
which will presently be given. 

2. Pure fixed alkalies also decompose all salts with basis of 
ammonia, which becomes evident by its sipell (unless the salts are 
dissolved in much water,) and also by the white fumes it exhibits 
wben a stopper., moistened with muriatic acid, is brought near. 

3. Carbonates of potash and of soda have similar effects. 

4. Pure ammonia precipitates most of the earthy and all the 
metallic salts; but if quite pure, it does not precipitate lime, 
|>arytes, or strontites, when held in solution by any acid, except 
the cart>onic. It has this advantage as a precipitant of alumine, 
that it does not re-dissolve that earth when added in excess. To 
any liquid that contains copper or nickel in a state of solution, it 
imparts a deep blue colour; the precipitated oxides of those metals 
being re-dissolved by an excess of the volatile alkali. 

5. Carbonate of ammonia -has the same properties, except that , 
it does not precipitate magnesia from its solutions at common 
temperatures. Hence, to ascertain whether this earth be present 
in any solution, add the carbonate pf ammonia till no'&rther pre* 
cipitation ensues; filter the liquor; raise it nearly to 312^ Fahren- 
heit; and then add pure ammonia. If any precipitation now occurs^ 
we may infer the presence of magnesia. It must be acknowledged 
that zircon, yttria, and glucine, would escape discovery by this 
process; but they have never yet beeii found in mineral waters; 
and their presence can scarcely be expected. 

Vol. II.— R r 
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VUl.— Lime-Water, 

1. Lime-water is applied to the purposes of a test, chiefly for 
detecting carbonic acid. Let any liquor supposed to contain this 
acid be mixed with an equal bulk of lime-water. If carbooic acid 
b(( present, either free or combined, a precipitate will immediatelj 
appear, which, on adding a few drops of muriatic acid, will again 
be dissolved with effervescence. 

2. Lime*water will also show the presence of corrosive subli- 
mate by a brick-dust coloured sediment. If arsenious acid (com- 
mon arsenic) be contained in a liquid, lime-water, when added, 
will occasion a precipitate, consisting of lime and arsenous acid, 
which is very difficultly soluble ih water. This precipitate, whcQ 
mixed up with oil, and laid on hot coals, yields the well-kfiown 
garlic smell of arsenic. 

IX.—- Purtf Baryt€8y and in Solution in Water* 

1. A solution of pure barytes is even more effectual than lime- 
water in detecting the presence of carbpnic acid, and is much more 
portable and convenient; since, from the crystals ofthis earth, the 
barytic solution may at any time be immediately prepared. In dis- 
covering carbonic acid, the solution of barytes is used similarly to 
lime-water^ and, if this acid be present, gives, in like manner, a 
precipitate soluble with effervescence in dilute muriatic acid. 

2. The barytic solution is also a most sensible test of sulphuric 
acid and its combinations, which it indicates by a precipitate not 
soluble in muriatic acid. Pure strontites has similar effects as a test 
The quantity of the precipitated substance, indicated by the vei^t 
of the precipitate, will be stated in No. XV, 

IL.'^Metala. 

1. Of the metals, silver aiid mercury are tests of the presence 
of hydro-sulphurets, and of sulphureted hydrogen gas. If a tttle 
quicksilver be put into a bottle containing water impregnated vitb 
either of these substances, its surface soon acquires a black fitai 
and, on shaking the bottle, a blackish powder separates from it* 

Silver is speedily tarnished by the same cause. . 

2. The metals may be used also as tests of each other, on w 
principle of elective affinity. Thus, for example, a polished iron 
plate, immersed in a solution of sulphate of copper, soon acquu«* 
ax^oat .of this metal; and the same in other similar examples. 

'K.h'^Suifihate of Iron. 

This is the only one of the sulphates, except that of silver, vm' 
cable to the purposes of a test. When used with this view, « 
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generally employed for ascertaining the presence of oxygen gas, of 
-which a natural water may contain a small quantity. 

A watery suspected to contain this gas, may he mixed with a lit- 
tle recently-dissolved sulphate of iron, and kept corked up, in a 
phial completely filled by the mixture. If an oxide of iron be pre* 
cipitated In the course of a few days, the water may be inferred to 

contain oxygen gas. 

» 

, . 'KU.'^Suifthatej Mtratey and Acetate of Sil-ver, 

These solutions are all in some measure applicable to similar 
purposes. 

1. They are peculiarly adapted to the discovery of muriatic acid 
and of muriates. For the silver, quitting its solvent, combines 
with the muriatic acid, and forms a flaky precipitate, which, at 
first, is white, but on exposure to the sun's light, acquires a bluish, 
' and finally a black colour. This precipitate, dried and fused by a 
gentle heat, Dr. Black states to contain, in 1000 parts, as much 
muriatic acid as would form 425^ of crystallized muriate of soda, 
which estimate scarcely differs at aU from that of Klaproth. The 
same quantity of muriate of silver ( 1000 parts) indicates, according 
to Kirwan, 454f ofmuriafe of potash. Dr. Marcct's experiments 
and my own indicate a larger product of muriate of silver from the 
decomposition of dry muriate of soda, viz, not less than S40 grains 
from 100 of common salt. Hence 100 grains of fused muriate of 
silver denote 41.6 of muriate of soda, and about 19 grains of mu- 
riatic acid. A precipitation, however, may arise from other causes, 
ivhich it may be proper to state. ^ 

3. The solutions of silver in acids are precipitated by cajrhona^ 
ted alkalies and earths. The agency of the alkalies and earths may, 
however, be prevented, by previously saturating them with a few 
drops of the same acid in which the silver is dissolved. 

3. The nitrate and acetate of silver are decomposed by the suN 
phuric and sulphurous acids; but this may be prevented by adding, 
previously, a few drops of nitrate or acetate of barytes, and, after 
allowing the precipitate to subside, the clear liquor may be decant^ 
ed, and the solution of silver added. Should a jKrecipitation now 
take place, the presence of muriatic acid, or some one of its com- 
binations, may be inferred. To remove uncertainty, whether a 
precipitation be owing to sulphuric or muriatic acid, a solution of 
sijlphate of silver may .be employed in the first instance, which^ 
when no uncombined alkali dr earth is present, denotes with cer* 
tainty the presence of the muriatic acid. According to professor 
Pfaff, one part of muriatic acid of the specific gravity, 1.15, diluted 
with 70,000 parts of water, barely exhibits a slight opaline tinge, 
when tested with nitrate of silver: and, when diluted with 80,000 
parts of water, it is not affected at all.* Mr Meyer of Stettin as- 

"^ Nicholson'^ Journal* xriU .36 1 . 



:^ \ 6 AKAX^TSISOF WATSmS* aiup. L 

wgnn^ however, a miuch more extensiye powor to nitrate of niter, 
as a test of muriatic a<^d.* 

4. The sohitions of silver are also preoi{>itated by sulpfhureted 
bydrpgen, aod by hydro<«ul|ihurets; but ^e precdpitate is the& 
reddish, or bndwn or black; or it may be, at ifirst, white, and a^- 
wards become speedyy brown or black. It is soluble, in jg^at put, 
in dilute nitrous acid, which is not the case if occasioned by mo* 
riatic or sulphuric acid. 

5. The solutions of silver are precipitated by extractive matter, 
but, in this case, also, the precipitate has a dark colour, and is so- 
luMe m nitrous acid. 

XIII.— JVifra/e and Acetate qfLead.^ 

1. Acetate of lead, the most eligible of these two tests, is pre- 
cipitated by sulphuric and muriatic acids; but, as 'Of both tiiese ve 
have much better indicators, I do not enlarge on its appiicatiooto 
this purpose. 

2. The acetate is also a test of sulphureted hydrogen and of 
hydro -sulphurets of alkalies, which occasion a black precipitate; 
and^ if a paper, oti which characters are traced with a solution of 
acetate of lead, be held over a portion of water containiag salpbu* 
reted hydrogen gas, they are soon rendered visible; especially when 
the water' is a little wanned. 

3. The acetate of lead is employed in the discovery of uncom- 
bii^d boracic acid, a very rare ingredient of waters. To ascertaio 
whether this be present, some cautions are necessary .(a) Theiffl- 
combined alkalies and earths (if any be suspected) must be sata* 
rated with acetic or acetous acid, {b) The sulphates must be de- 
composed by acetate or nitrate of barytes, and the muriates by ace- 
tate or nitrate of silver. The filtered liquor, if boracic acid be con- 
tained in it, will continue to give a precipitate, which is solubleffl 
nitric acid of the specific gravity 1.3., 

4. Acetate of lead is said, also, by Pfaff, to be a very delicate 
test of carixmic acid; and that it renders milky water, which cen- 
tains the smallest possible quantity of this acid. 

XIV.— JVJ^ra/e of Mtrcury preflared with and miAout Heat. 

This solution, differently prepared, is sometimes employed «» « 
test.. 

1. The solution of nitrate of mercury, prepared wiAoutheat,t 
has been found by Pfaff to be a much more sensible test of »«"*" 
tic acid than nitrate of silver. Its sensibUity, indeed, is so gr^ 
that one part of muriatic acid, of the specific gravity \M) djiut«» 
with 300,000 parts of water, is indicated by a slightly dull tint en* 
suing on the addition of the test. 

* Thomam^s Annals, v. 23, f 436e diap; lix. sect 4, vi' 
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% It isy at tbe same tiixie^.^e most sensible test of ammoiiia, 
one part of which, with 30^000 parts 6f water, is indicated by a 
sliglu bladcish yellow tint, on adding the nitrate of mercery .'*^ 

3. The nitrate of mercury is sdso precipitated by highly diluted 
phosphoric acid; but the precipitate is soltible in an excess ^of phos* 
phoricor nitric, acid, which is idot the case if it has been occasion*- 
ed by muriatic acid. 

XV.-^-Muriatej^ jNitraie.^ and Metate o/Baryte^. ' 

- ^ 

1. These solutions are all most delicate tests of sulphuric acid 
and of its combinations, with which they give a white precipitate, 
insoluble in dilute muriatic acid. They are decomposed, how- 
ever, by alkaline carbonates; but the precipitate thus occasioned is 
soluble in dilute muriatic or ' nitric acid, with effervescence, and 

may even be prevented by acUiihg, previously, a few drops of the 9 

same acid as that contained in the bu*ytic salt, which is employed*^ ^ 

One hundred grains of dry sulphate of barytes contain (accord* 
ing to Klaproth, voL i. p. 168) about 45J of sulphuric acid of the 
specific gravity 11)50; according to Xlaryfield (Nicholson's Jour* 
nal, 4to. iii. 38)^ 33 of acid, of the specific gravity 2240; accordiilg 
to Thenard, after colcinadon, about 25;. and, according to Mr*, 
Kirwan,.after ignition, 23.5 of real acid. The samechomist states, 
that 170 grains of ignited sulphate of barytes denote 100 of dried 
sulphate of soda; while 136.36 of the same substance indicate 100 
of dry sulphate of potash; and lOO^parts result from the precipita* ' 
tion of 52. 1 1 of sulphate of magnesia. 

From Klaprqth's experiments, it appears, that 1000 grains of 
sulphate of Inuytes indicate 595 df desiccated sulphate of soda, 
or 1416 of the crystallized salt. The same chemist has shown, 
that 100 grains of sulphate of barjrtes are produced by the pre- 
cipitation of 71 grains of sulphate of lime, of ordinary dryness. 
The results of my own experiments are stated in vol. i. page 3rS0* 
From these it follows, that 100 grains of ignited sulphate of barytes 
denote 57 of calcined sulphate of lime; or 73 of the sam6 sul- 
phate, dried by a temperature of (mly 1 60^ Fahrenheit. Desicca- 
ted aulphateof magnesia, when decomposed by muriate of barytes, 
affi>rds twioe its weight of the barytic sulphate. 

2. Phosphoric salts occasion a predpitate alsd, which is soluble 
ki muriatic acid without effervescence. 

X VI.— « TVtjkie or Arro*Frui»iate^ qf Potash and of Lime. 

Of these twOftheprussiate of potash is the most eligible. When 
pure, it does not speedily resume a ytte colour on the addition of 
an acid, nor does it immediately precipitate muriate of barytes. 

Prussiate of potash.is a very sensible test of iron; with the solu- 

*'Saiisiare,'TliomfoA*9.Annft]s, vi. 430. 
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tions of which in adids it produces a prussian blue precipitate, io 
consequence of a double elective affinity. To render its effect 
more certain^ however, it tpay be proper.to add, previotisly,toany 
water suspected to contain iron, a little muriatic acid, with a vieir 
to the saturation of uncombined alkalies or earths, which, if pre- 
sent, prevent the detection of very minute quantities of iron. 

1. If a water, after boiling and filtration, does not afford a blue 
precipitate, on the addition of prussiate of potash, the solvent of 
the iron may be inferred to be a volatile one, and probably the car- 
bonic acid. . 

3. Should the precipitation ensue in the boiled water, the sol- 
vent is a fixed acid, thevnature of which must be ascertained by 
other tests. 

Doubts had been thrown, by several chemical writers, on the 
fitness of the ferro-prussiate of potash for determining the quantity 
of iron in solutions of that metal. But Mr. Porrett, in his able 
inquiry into the nature of the triple prussiates, has shown that, 
with certain precautions, the ferro-prussiate of potash is faliy ade- 
quate to this purpose.* It is necessary to observe, 

1st. That if the ferm*prusKiate, after being dissolved in water, 
gives, immediately, a blue precipitate by the addition of muriatic 
acid, it is not pure, and will afford a fallacious result. 

2dly. That if the salt, however pure, be added, in excea^ to a 
solution of iron containing' an excess of acidj and then heated, the 
prussian blue thrown down will weigh more than it ouglit; because 
some is furnished by the decomposition of the ferro-prussic acid, 
contained in that part of the salt, which has been added in excess. 

3dly* That prussian blue, even after it has been formed, is ma- 
terially acted upon by a mixture of nitric and muriatic acids, and 
in some degi*ee, by the muriatic acid alone at a boiling beat. 

4thly. That prussian blue, when precipitated, often carries with 
it sulphate of potash, derived from the liquid from which it is • 
thrown down; and that this sulphate adheres to it so obstioateffy 
that several washings with water, acidulated with sulphuric acid, 
are necessary to detach it. 

5thly. That if the solution, to which the test is applied, contain 
not only iron^ but ahimine, ojcide of copper, or any other substanc^ 
which the test is known to precipitate, ^hat substance should be 
removed, by. the usual means, previously to the application of the 
test. 

Suppose then, fi)r example, that we have barytes, alumine, in>g' 
nesia, and oxides of iron and copper, in a state of solution by nitpo* 
muriatic acid. The solution, if not already neutral, may first be 
rendered so by the cautious addition of ammonia. The ^^^^f^ 
salt may Acxt be decomposed by a solution of sulphate ^^^^ 
added till it ceases to occasion a precipitate. Ammonia, added » 
the residuary liquor, throws down the other earths and oxides, an 

*PhU. Trans. 1814, p. 63». 
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an excess of it will re-dissolv^ the oxide of copper. From the in- 
soluble part, consisting of aluminei magn^a, and oxide of iron, 
solution of pure potash will remove the alumine. The oxide of 
iron and magnesia may then be re-dissolved in any suitable acid; 
and, to the solution, neutralized, or nearly so, by ammonia, if ne« 
ce3sary, the ferro-prussiate may be poured, till it ceases to pro* 
duce any effect, taking care to add as little excess as possible. 
The precipitate washed, dried at a steam heat, and weighed, wilt 
indicate in every 100 grains, 34.235 grains of peroxide of iron. 

Besides iron, the prussiated alkalies also precipitate muriate of 
alumine. No conclusion, therefore can be deduced, respecting 
the non-exisfence of npLuriate of alumine, from any process, in 
which the prussic test has previously been used. It will, there* 
fore, be proper, if a salt of alumine be indicated by other tests, to 
examine the precipitate affected by prussiate of potash. This may 
be done by repeatedly boiling it to dryness with muriatic acid,^ 
'which takes up the alumine, and leaves the prussiate of iron. 
From the muriatic solution, the alumine may be precipitated by a 
solution of carbonate of potash. 

According to Klaproth (ii. 55), solutions of yttra (which earth, 
however i» not likely to be present in any mineral water) afford, 
with the Prussian test, a white precipitate, passing to pearl-grey, 
which consist of prussiate of yttria. This precipitate disappears 
on adding an acid, and hence may be separated from prussiated 
iron. The same accurate chemist states, that the prussian test 
has no action on salts with base of glucine (ii. 55); but that it pre* 
cipitates zircon from its solutions (ii. 214.) 

The prussiated alkalies decompose, also, all metallic solutions 
excepting those of gold, platinum,-iridium, rhodium, osmium, and 
antimony. 

XVll.-^~ Succinate of Soda^ and of Ammonia. 

1. The succinate of soda was first recommended by Gehlen, 
and afterwards employed by Klaproth (Contributions, ii. 48,) for 
the discovery and separation of iron. The salt with base of am-* 
monia has also been used for a similar purpose by Dr. Marcet, 
physician to Guy's Hospital, in a skilful analysis of the Brighton 
chalybeate, which is published in the new edition of Dr. Saunder's 
Treatise on Mineral Waiters. 

The succinic test is prepared by slightly super-saturgting car- 
bobate of soda or ammonia with succinic acid. In applying the 
test, it is necessary not to use more than is sufficient for the pur- 
pose; because an excess of it re-djssolves the precipitate. The 
best mode of proceeding is to heat the solution containing iron, 
and to add gradually the solution of succinate, until it ceases to 
produce any tubidness* A brownish precipitate is obtained, coi^ 
sisting of succinate of iron. This, when calcined with a little wax,^ 
in a low red heat, gives an oxide of iron, containing about 70 per 



<• 



320 ANALYSIS Of WA1,£A&. CHAdP. I. 

cyjir. of the metal. From Dr. Marcet's eatperimeqti^ it appear^ 
that 100 grains of iron» dissolved in sulphuric acid, then precipi- 
tated by the succinate test, and afterwards burned with wax^t give 
148 of oxide of iron; that is, 100 grains of the oxide indicate about 
67 J of metallic iron. 

2. The succinates, however, it is stated by Dr. Marcet and ^. 
Ekeberg, precipitate alumine, provided there be no considerable 
excess of acid in the aluminous salt. On magnesia it has na ac- 
tion, and hence may be successfully employed in the s>eparation 
ef these two earths. If 100 parts of octohedral crystals of idum be 
entirely decomposed by succinate of ammonia, they give precisdy 
13 parts of alumine calcined in a dull red heat* The succinate oS 
ammonia, it is stated by Mr. Ekeberg,* precipitates glucine; and 
the same test, according to Klaproth (ii. 214,) throws down 2irc«i 
from its solutions. 

To separate all the iron and alumine fnnn any water, long boil- 
ing is necessary with free access of air, in order that the iron may 
he complcitely oxidized; for the succinates have no action on salts 
containing the protoxide of iron. 

Wlllj'-r'Benzaic jicidyand Benzoaie qf Ammonia, 

Benzoic acid, or, still better,, benzoate of ammonia, prec^>itat^ 
iron readily and entirely; and being much cheaper, and more rea- 
dily obtained, than succinat:e of ammonia, may be substituted for 
the latter *salt. It has, also, one advantage, that it does not de- 
compose the salts of manganese^t 

A method of completdy precipitating magnesia from its solu- 
tions has been suggested by Dr. Wollaston. It is founded on the 
mpoperty which fully neutralized carbonate of ammonia possesses; 
first to cause the solution of the carbonate of magnesia, formed 
when it is added to the solution of a magnesian salt, and after* 
vards to yield that earth to phosphoric acid, with which and am- 
laoniait forms a triple salt. For this purpose^ a solution of car- 
bonate of ammonia, prepared with a portion of that salt which hu 
been exposed, spread on a paper> for a few hours to the air, is to 
be added to the solution of the magnesian salt sufficiently concen- 
trated; or to a water suspected to contain magnesia, after being 
very much reduced by evapor$ition. No precipitate will appear, 
till A solution of phosphate of soda is added, when an abundant 
one will fall dorwn. Let this be dried in ^ temperature not exceed- 
ing 100° Fahrenheit. One hundred grains of it will indicate 19 
of pure magnesia; 44 carbonate; about 66 of muriate of magnesia; 

* Jovrn. des Mines, No. Ixx. 

t Tbom&qii's Aonals, ix^ 163; Phil. Mag. xl. Z59^ 
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and 63 of 4esicciitedf or doubie that quantity of crystallized, sul- 
phate of magnesia. If, instead of drying the precipitate at a gentle 
heat, we calcine it, we may then reckon the calcined phosphate of 
magnesia to indicate, iii every hundred grains^ 38.5 of magnesia, 
or to be equivalent to 226 grains of the crystallized sulphate of 
that earth. 

\yi,'-^Muriate of Lime, ' 

Muriate of lime is principally of use in discovering the presence 
of alkaline carbonates, whi<^h, though they very rarely occur, have 
sometimes been found in minciral waters. Carbonate of potash 
exists in the waters of Aix-la-Chapi^le; that of soda, in the water 
of a few spiings and lakes; and the attunoniatal carbonate was de- 
tected by Mr. Cavendish in the waters of Rathbone-plac'e. Of aU 
the three carbonates, mjirtate of lime is a sufficient indieaton for 
those sa\ts fteparate from it a carbonate of iime^-aoluble w|th effer* 
Tescence in muriatic acid. 

With respect to the discrimination of the different alkalies, pot- 
ash may, be detected by the nitro-muriate of platinum, which dis* 
tinctly and immediately precipitates its compouitds, and is not 
adEfected by soda. Carbonate of ammonia may be discovered bf^ 
its smell; and by its precipitating a neutral salt of alumine^ while 
it has no action apparently on magnesian salts. 

XXI«— iSo/«lJo» qf Soap, in Alcohol* 

This solution may be employed to ascertain the comparative 
hardness of waters. With distilled water it may be mixed, with*- 
out any change ensuing; but if added to a hard water, it produces 
a milkiness, more considerable as the water is les9 pure; and, from 
the degree of this milkiness,. an experienced eye will derive a 
tolerable indication of the quality of the water. This effect is 
owing to the alkali quitting the oil, whenever there is present in 
a water any substance, for which the alkali has a stronger affinity 
than it has for oil. Thus all uncombined acids^' and all salts with 
earthy and metallic bases, decompose soap, and occasion that pro* 
perty in waters which is termed hardness* 

XXIL—^/foAd/. 

Alcohol, when mixed with any water, in the proportion of about 
an. equal bulk, precipitates all the salts which it is incapable of 
dissolving. (See Xirwan on \yaters, pi^e 86S.) 

XyillL'^HydrO'Sulfihuret i^ Ammonia. 

This and other sulphurets, as wellaa water saturaited with sui* 
phureted hydrogen, may be employed in delectuif lead und mrsc^ 
Vol. II.— S s 
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nk; with the former pf which they give a htacky and with the latter 
E yellowish precipitate^ As lead and arsenic, however, are never 
found in natural waters, I shall reserve, for another occasion, what 

I have to say of the application of these tests. 

•* ■ • 

TABLE, 

Showing the Subatancee that may he exftected in Mineral Waternj 

and the Means qf detecting them, 

AcidB in generaL Infusion of litmus. — Syrup of violets^ I. 

Jcid^ boracic. Acetate of lead, XIII. 3. 

Mid^ carbonic. Infusion of litmus, I. 1, 2.— Lime-water, VIII. 
1.— Bary tic water, IX. 1. 

Jcidf muriatic. Nitrate and acetate of silver, XII. Nitrate 
of mercury, XIV. 

jfcidy nitric. Sulphuric acid, IV. 4. 

jtcidf fihosfihoric. ^ Solutions of barytes, XV, 2. Nitrate of 
mercury, XIV. 3. 

Acidy Mulfihuroua. By its «mell,— and destroying the colour of 
litmus, and of infusion of red roses:— by the cessation of the 
smell a few hours after the addition of the black oxide of manga- 
nese. 

Midy Bulfthuric. Solution of pure barytes, IX. Barytic salts, 
XV. Acetate of lead, XII. 

Alkali€9 in. generaL Vegetable colours, 11. Muriate of lime, 
XX. 

Alumine dissolved by acids. Succinates, XVII. 

Amm<inia^ by its smell, and tests, II. Nitrate of mercury, 
XIV. 2. 

JBarytesy and its comfioundsy by sulphuric acid^ IV. 

Carbonates in generaL Effervesce on adding acids. 

Earths dissolved by carbonic acid. By ajprecipitation on boil- 
ing}— by pure alkalies., VII. Solution of soap, XXI. 

Hydro'sul/ihur^t qf lime. Sulphuric acid, IV. Nitrous acid, V. 

Iron dissolved by carbonic acid. Tincture of galls. III. I. 
Prussiate of potash, XVt- 1. Succinate of ammonia, XVII. Ben- 
2oate of amnionia, XVIIL 

Iron dissolved by Sulfikuric acid. Same tests, IIL*3. XVI. 2. 

xvu. 

1 

Lim^ in a fiure state. Water saturated with carbonic acid. 
Blowing air from the lungs. Oxalic acid, VI. 

Lime dissolved by carbonic acid. Precipitation on boiling.— 
Caustic alkalies, VII. Oxalic acid", VI. 

Lime dissolved by sulfihuric acid. Oxalate of ammonia, VI. 
Barytic solutions, IX. and XV. 

. Magnesia dissolved by carbonic acid. PrecipiUtion on boil- 
a»gi— the |>recipitate soluble In dilute sulphuric /tcid. 
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Magnt%%a diMotved bj^ other aeid^, Precipltate4 bf pure am* 
monia, not by the carbonate, VII. 5. Phosphate of soda> XIX. 

Muriates of aikaties. Solutions of silver^ XII. 

— — qflime. Solutions of silver, XII. Oxalic ac^d an4 
oxalate of ammonia, VI. 

Sulfihatea in getierai, Barytic solutions, IX. aftd XV. Acetate 
of lea,d, XIII. 

Sulfihate of Aiunune. Barytic solutions, IX. and XV. A pre- 
cipitate by carbonate of ammonia not soluble in acetous acid, but 
soluble in pure fixed alkalies by boiling. Succinates, XVII. ^. 

Sulfihate of time. Barytic solutions, IX. and XV.. Oxalic acid, 
and oxalates, VI. A precipitate by alkalies not soluble in dilute 
aulphuric acid. 

Sulfihureta of alkaliea. Polished metals X. Smell on adding 
sulphuric or muriatic acid. Nitrous acid, V. 

Sulfihureted h^rogm gas. By its smell. Infusion of litmus, L 
Polished metals, X. Acetate of lead, XUI. 2.* 



SECTION n. 

Anatyais of Wat era by Svafioration, 

Befork proceeding to the evaporation of any natural water, its 
gaseous contents niust be collecled. This may be done by filling 
with the water a large glass globe or bottle^ capable^ of holding 
about SO cubical inches, and furnished with a ground stopper an^ 
bent tube. The bottle is to be placed, up to its neck, in a tin kettle 
filled with a saturated. solution of common salt, which must be kept/ 
boiling for an hour or two, renewing, by fresh portions of hot wa? 
ter, what is lost by evaporation. The disengaged gas^is to be con- 
veyed, by the bent tube, into a graduated jar, filled with, and in- 
verted in, mercury, where its bulk is to be determined. On thQ 
first impression of the heat, howev-^r, the water will itself be ex- 
panded, and portions will continue to escape into the graduated 
jar, till the water has attained its maximum of temperature. This 
portion must be measured, and its quantity be deducted from that 
of the water submitted to experimeiiit. 

In determining, with precision, ||ie quaittity of giks, it is neces- 
sary to attend to the state of the barometer and thermometer, and! 
to other circumstances already enumerated, vol. i. page 127. Rules 
for reducing observations made under different states of the ba- 
rometer and thermometer, to a mean standard, will be given in the 
Appendix. If a considerable proportion of gas be contsdned i|i a 

r • 

* The vapour of putrefying animal or ve^table matter dii(solved in water, 
accordtag to Klaprath, vol. i. p. 590, often gives a deeeptive indication of 
solphuieted hydrogen. . ^ . 
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mineral ^ater, the most commodiotts method of receiving it is; in- 
to a small gazometen 

The gaaes, most commonly found in mineral waters, are tarbonie 
izcid; Mulfikureted hydrogen; nitrogen gas; oxygen gas; and, in the 
neighbourhood of volcanoes only, sulfihuroua acid gas. 

To deteitnine the proportion of the gases, constituting a mix- 
ture obtained frcto any mineral water in the foregoing manner, the 
following experiments may be made. If the use of re-agents has 
tiot detected the presence of sulphureted hydrogen, and there is 
reason to believe, from the same evidence, that carbonic acid forms 
a part of the mixture, let a graduated tube bc^nearly filled with it 
over quicksihrer. Pass up a small portion of solution of potash, 
and agitate this in contact with the gas. The amount df the dimi* 
nution will show how much carbonic acid has been absorbed; and, 
if the quantity submitted to experiment was an aliquot part of the 
whole gas obtained, it is easy to infer the total quantity present in 
the water. The unabsorhable residuum consists, most probably, 
of oxygen and azotic gases; and the proportion of these two is 
best learned by the use of Dr. Hope's eudiometer. (Sde vol. i. 
page lft2.) 

If sulphureted hydrogen be present, along with carbonic acid, 
the separation of these two is a problem of some difficulty. Mr. 
Kirwan recommends that a graduated glass vessel, completely fill- 
ed with the mixture, be removed into a vessel containing nitrous 
acid. This instantly condenses the sulphureted hydrogen, but not 
the carbonic acid gas. I apprehend^ however, that a more eligible 
mode will be found to be, the condensation of the sulphureted by- 
' drogen by oxymuriatic acid gas (obtained from muriatic acid and 
hyper-oxymuriate of potash;) adding the latter gas very cautiouslyi 
as long as it produces any condensation. Or, perhaps abetter plan 
of effecting the separation will be the following: Half fill a gradu- 
ated phial with the mixed carbonic acid and sulphureted hydrogeo 
rises, aiid expel the rest of the water by oxymuriatic acid gas. 
et the mouth of the bottle be then closed with a well-ground 
stopper, and let the mixture be kept twenty-four hours. Then 
withdraw the stopper under water, a quantity of which fluid will 
immediately rush in. Allow the botlle to stand half an hour with* 
out agitation. The redundant oxymuriatic add gas wiH thus be 
absorbed; and veiy little of the carbonic acid will diss^jpear. Sup- 
posing that, to ten cubic inches of the mixed gases, ten inches of 
oxymuriatic gas have been added^ and Uia^ alter absorptkin by 
atadlding over waler, five inches remain; the result of this experi- 
ment shows, ^at the mixture conaisted of eq^al parts of sulpbuie- 
ted hydrogen and carbonic acid gases. 

Mr. Westruii^ ascertains the proportion of sulpbireted hydro* 

Sen and euphonic aeid gases, by the following method. He intro- 
uces a known quantity of the wat^ unitoexanutiation into a glass 
vessel, from which proceeds a curved tube, terminating in a long 
<ftliider» fiUed with lime-water. The gas is expelled by heat, and 
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the precipitate collected. Every 20 grains indicate 10 cubic mches 
€»f carbonic acid. To determine the quantity of sulphureted hy« 
drogen^ the same experiment is repeated, substituting a solution of 
super-acetate of lead. Hydro^uiphuret of lead is formed, in the 
proportion of 19 grains to 10 cubic inches of gas. This method, 
for several reasons which it would take too much room to state, is 
perhaps inferior to the otie which I have just proposed/ 

Whenever this complicated admistture of gases occurs^ as in the 
case of the Harrowgate- water, it is advisable to operate separately 
on two portions of gas, with the view to determine, by the one^lhe 
quantity of carbonic acid and sulphureted hydrogen; and that of 
nitrogen and oxygen by the other. In the latter instance, remove 
both the absorbable gases by caustic potash; and examine the re- 
mainder in the manner already directed . 

Nitrogen gas sometimes occurs m mineral waters, almost in an 
tinmixed state. ^ When this happens, the gas will be known by thd 
characters already described as belonging to it, vol. i. p. 144. Sulr 
phurous acid gas may be detected by its peculiar smell of burning 
brimstone, and by its discharging the colour of an infusion of rose% 
which has been reddened by the smallest quantity of any mineral 
acid adequate to the effect. 

The vessel employed for evaporation^, should be of such ma- 
terials as are not likely to be acted on by the contents of the water« 
I prefer those of unglaeed biscuit ware, made by Messrs. Wedge- 
wood; but, as their surface is not perfectly smooth, s^ndtfae dry 
iBas^ may adhere so strongly as not to be easily scraped off, the 
water, when reduced to about one tentbor less, may be transferred, 
with ^ any deposit that mity have taken place, into a j^maller vessel 
of glass. Here let it be evaporated to dryness. ^ 

(a) The dry mass, when collected and accurately weighed, is 16 
be put into a bottle, and alcohol poured on it, to the depth of an inchi 
After having stood a few hours, and beA occasionally shaken, pour 
the whole on a filter, vrash it with a littl%more alcohol, and dry and 
weigh the remainder. 

' (§) To the undissolved residue, add eight times its weight of 
cold distilled water; shake the mixture frequently; and, after some 
time, filter; ascertaining the loss of weight. 

(c) Boil the residuum, fot^ a quarter of an hour, in somewhat 
more than 500 times its weight of water, and afterwards filter. 

(d) The residue, which must be dried and weighed, is, no longer 
soluble in water or alcohol. If it has a brown colotir, denoting the 
presence of iron, let it be moistened with water> and exposed to the 
sun's rays for some weeks. 

I. The solution in alcohol (<i) inay contain one or all of the fol- 
lowing saltss' Muriates of lime, magnesia, or barytes; or nitrates of 
^e same earths. Sometimes, also, the alcohol may take up a sul- 
pbete of iron, in which the metal is Mghly oxidized, as will appear 
from its reddish brown colour. 
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I. In order' to discover the quality and quantity of the mgrei' 
entSy evaporate to dryness; weigh the residuum; add above half its 
weight of strong sulphuric acid; and apply a moderate heat Tlie 
muriatic or nitric acid will be expelled, and will be known by the 
colour of their fumes; the former being white, and the latter orange 
coloured. 

3. To ascertain whether lime or magnesia be the basis of the 
salts, let the heat be continued till no more fumes arise, and letit 
then be raised, to expel the excess of sulphuric acid. To the diy 
mass, add twice iu weight of distilled water. This will take up 
the sulphate of magnesia, and leave the sulphate of lime. The 
two sulphates may be separately decomposed, by boiling with 
three or four times their weight of carbonate of potash. The ca^ 
bonates of lime and magnesia, thus obtained, may be separateiy 
dissolved in muriatic acid, and evaporated. The weight of the 
dry salts will inform us how much of each the alcohol bad takeo 
pp. Lime and magnesia may also be separated by the use of the 
phosphate of soda, applied in the manner ahxady described in the 
preceding section. No. XIX. 

The -presence of barytes, which is very rarely to be expected, 
may be known by a precipitation ensuing on adding sulpbancacid 
to a portion of the alcoholic solution, which has been diluted with 
50 or 60 times its bulk of pure water. 

Some of tbe salts obuined by the action of alcohol, it is sop{K»ed 
by (jrotthuss, are actually formed by its operation. Sulphate of 
soda and muriate of magnesia, for example* when found in an alco- 
holic solution, result, he imagines, from the mutual decompositioB 
of sulphate of magnesia and muriate of soda.* 

II. The watery solution (f>) may contain a variety of salts, the 
accurate separation of which from each other is a problem of con* 
siderable difEculty. 

1. The analysis of this%*ution may be attempted by crystalJjw- 
tion. For this purpose let^ne half be evaporated by a very geo"^ 
heat, not exceeding 80 *» or 90.*^ Should any crystals appear on 
the surface of the solution, while hot, in the form of a pellicle, Id 
them be separated and dried on bibulous paper* These arc mu- 
riate of soda or common salt. The remaining solution, on cool' 
ing very gradually, will, perhaps, afford crystals distinguish*^** "^ 
their form and other qualities. When var)ious salts, ^^^^^^'^*^ 
contained in the same solution, it is extremely difficult to obtain 
them sufEciently distinct to ascertain their kind. 

2. The nature of the saline contents must, therefore, be en- 
mined by tests, or re-agehts. , 

The presence of an uncombined alkali will be discovered by toe 
stained papers (p. 417, 418,; and of acids by the test? (p. 416, 4ir^ 
The vegetable alkali, or potash, may be distinguished from 
Mineral, or soda^ by saturation with sulphuric acid, and evapo 

* Ann. 4e Chim. et Pbys. iv. 366. 
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don to dryness; the sulphate of soda being much more soluble than 
that^ of potash; or^ by super-sajturation, with the tartarous acid, 
which gives a soluble salt with soda, but not with potash. Muri-* 
ate of platinum, also, is an excellent test of pptash and its cbmbina* 
tions; for, with the smallest portion of this alkali, or any o£ its 
salts, it forms a distinct and immediate precipitate; while it is not 
at all afTecteid by the mineral alkali or its compoundSt» 

If neutral salts be present, in the solution, we have to ascertain 
both the nature of the acid and of the basis. This may be done 
by attention to the rules already given for the application of tests, 
which it is unnecessary to repeat in this place/ 
. III. The solution by boiling water contains scarcely any thing 
beside sulphate of Ume« 

IV. The residuum {4) is to be digested -in distilled vinegar, 
which takes up magnesia and lime, but leaves, undissolved, alu* 
mine and highly oxidized iron. Evaporate the solution to dryness. 
If it contain acetate of lime only, a substance will be obtained which 
dpes not attract moisture from the air; if magnesia be present, the 
mass will deliquiate* To separate the lime from the magnesia, 
proceed as iii I. 

' The residue, insoluble in acetous acid, may contain alumine* 
iron, and silex. The two first may be dissolved by muriatic acid) 
from which the iron may be precipitated, first by prusaiate of pot- 
ash, and the alumine afterward by a fixed alkali. ^ 

Dr. Murray's Fofmulafor the Analysis qf Mineral Waters. 

Some ingenious views respecting the analysis of minerid waters 
have lately been taken by Dr. Murray, of Edinburgh.* In pro- 
ceeding by the method of evaporation, the salts obtained are fre- 
quently, he conceives, the products of the operation, and not the 
original ingredients of the water. For example, though we may 
obtain from a mineral w^ater, sulphate of lime and muriate of 
soda, yet it is proba&le, he thinks, that the water, in its natural 
state, held in solution both sulphate of soda and muriate of lime, 
which, though incompatible salts, if presented to each other in 
dense solutions, may yet exist, without mutual decomposition, 
when diffused through a large quantity of fluid He argues, there- 
fore, that we attain a much nearer approximation to the true com- 
position of a mineral water, by disregarding the salts resulting from 
its evaporation; and, instead of this, det<srmining with extreme pre- 
cision the elements, or acids and bases, of which those salts are 
composed. The peculiar mode of . combination, in which they 
exist in the water submitted to ananysis, can only, he thinks, be 
inferred by considering the most probable views of their binary 
composition. 

Having gained a general idea of the nature o£ any mineral vrt* 

* Edinb. Txaosact. viii. 250i or Tboms6n*6 Annals. 
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ler, bf the ageoey Ojf the tests already described, Dr. Miirr«f re- 
<:omn[iend& that we proceed to its minute analysis in the following 
jpanner. 

1. Reduce the water, b^ evaporation^ as far as can be dooe 
without occasioning any sensible precipitation or crystallizatioD. 

3. Add a solution of mi^riate oi barytes, as long as it occasioQs 
a precipitate, and no longer. By an experiment oa a separate 
quantity, examine whether the precipitate effervesces with dilute 
muriatic acid, and whether it is entirely, dissolved by that acid 
If entirely soluble, dry and weigh it, and allow 22 grains of caHx)- 
nic acid for every 100 grains. If it do not effervesce, or dissoire^ 
we may consider it as sulphate of barytes, and reck<^n that it con* 
tains, in a dry state^ S4 grains of sulphuric acid in every 100. If 
it be partly soluble with effervescence, and partly insoluble, it cod- 
aists both of carbonate and sulphate, the former of which may 
readily be separated from the latter by dilute muriatic acid; and 
the precipitate being weighed in a dry state, both before and after 
the action of the acid, we learn the quantity of each; what remaiBs 
being the sulphate only. 

By the evaporation, the carbonic acid is removed, and the <«/* 
phuric acid i$ separated by the bary tic salt. The next objeais to 
discover the kind and quantity of the bases present; and then to 
find the quantity of muriatic acid, originally contained, in the 
water. 

3. To the clear liquor add a saturated solution of oxalate of 
ammonia, as long as any turbid appearance is produced. Collect 
the. precipitate, which consists of oxalate of lime; dry it; and, by 
c^alcining it at a low red heat, convert it into a carbonate, which 
may be changed into sulphate by a slight excess of sulphuric acid. 
The sulphate of lime, after ignition^ contains 41.5 of lime in 100. 

4. The next step is to separate the »ia^n^«Ja, which maj he 
done as follows: let the clear liquid, remaining after the ^recipita- 
tioD of the oxalate of lime, be heated to 100 «* Fahrenheit, and, if 
necessary, reduce a little by evaporation; and then, add to it, first 
a solution of carbonate of ammonia, and afterwards of phosphate 
of ammonia, at long as any precipitation ensues. Wash the pre* 
cipitate, dry and calcine it at a red heat for an hour, after vfhich 
100 grains may be estimated to contain 40 of magnesia* 

5. To estimate the aoda^ evaporate the liquor, remaining alte'' 
the preceding operations, to dryness, and expose the dry ^^^ 
heat as long as any vapours exhale, raising it, in the end, to red- 
ness. The residual matter is muriate of soda, 100 grains of wliicn 
are equivalent to 53.3 soda, and 46.7 of amn^oniatic acid. 

6. It is possible that the muriatic acid, deduced from the resida- 



ary common salt, may exceed . the true quantity, and that a p«« 

may have been introduced by the muriate of barytes. Or, on jfl 

other hand, if muriate of lime or magnesia were present m t^e 



water, the ammonia, by which those earths were separated* wo" 
form, with the muriatic acid quitted by them, a salt, which tfn 
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UVd heeh disiilpslted by'ii^at; t^ coilseqiienitf t^^ iftuTiatid acid^ 
wiil have beeh stated too low. ^ To decide this, the simpl^e r\iie i j, 
to sappose the elements, obtained by the analysis, combined in 
bin^y compotitids, actoiding^ to th6 ktioi^ proportions in which 
they unite. The ex^cess or d^eiency of nranatte acid will th<^n 
appear; and the amount of the excels, being sttbtracted from the 
^antity of muriatic acid existing* in the mu^Cite of soda obtained; 
or the amount of the deficit, being added to that quantity, the real 
quantity of muriatic acid will be apparent.-»'\s a check on thti^ 
operation, it may be proper to estimate directly the quantity of 
muriatic acid in a given portion of the water, by first abstracting 
any sulphuric or carbonic acid by tiitfate of barytes, and then pre- 
<^pitating the muriatic acid by nitrate of silver The real quan- 
tity of mCiriatic acid will thus be found; and the result will form a 
check on the other steps of die smalysifi; &r the other ingredients 
must bear that preportion to the muriatic acid which will cor- 
respond with the stat;e of nettitnyiixatien; * 

Having thus diseovered the different acids and bas^, and de- 
termined their quantities,; it: reffiaini -to determine the state of 
combination in which they exist. They tnay either be considered 
as forming simukaneouB eof|)Jb|Ofi|t}onS) or as existing in the state 
of binary €x>nipounds. In the latter case, it is probable that the 
•fl^cide. ajid bases ftre SQ^^itlt^ aa tie '{form the n^ost soluble com- 
]H>ti{i4a9 and iA^th^ f^ngis wee m^y «t«jte i\L(&^. It may also be pro- 
per. u» five the quantity^ binary, compounds obtained by evapo- 
J9(iion» or by any other. dire(^.pna|ytiQ prpcess* ; Fpr example^ th0 
el<|n%etittt'Of theaakft in ^rptn^ o^^tta^wa^r, as detenpined by Dr. 
Murray's, :aiialys4$t?^:|yre^ . 

lamse- ' «- # . * • « ; ^ 3*9.graip8' 

M^^0si2k.:'. . * ■* .14.8 

. Soda ', » *• . , 4 • 96.3 

Ikulphuric acid . . < « 14«4 

Muriatic acid'- « • * . .97.7 



. ■ . 236.1 

The compc^nd salts, as obtained by evaporati0n, are, 

M«ru|t4 of soda . . • 180.5 grftins 

! i i - « '■■' .< ■ "■ mtgnesia . 23. 
Sttlphatcf of magneila . 15;^. 
tf ■ It I ui ,ii lull l^roe . * * '7.1 

*■ > ti ■ III 
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SECTION U. . 

Method qf eofamimng a Mintral^ $he Contfi^fition- ^ vhkk n 

A tf ivrKKAL substance* prsai^itefl to our exasniimtiofii witbootatf 
previous knowledge of ito compositiOin, should first be referred <9 
qae of the sbove four classes, is orikr that we mey attsio a f^eoe* 
pi\ knowledge ilif its nature» bcbre proceeding to analyze it ni- 
Qotely. 

I. To ascertain whuther ^e mknowQ mioecal centsinialiBe 
Biattur, Jet loo grauisa er any other deteriainate quaotilff in tke 
state of fine powdery be pi^tt into a bottle, and shaken \xp repsitedlf 
witli 30 times its weight of water, of the temperature of IW^ « 
1.30^. After having stood an hour or two, pour the conteatsof^ 
llottJe pn a filtering paper, previously weighed and pliM:cdDoa 
funnel. When the water has drained off, dry the powder on a fi* 
tering paper, in a lieat of about 212^: and, when dry, letthevMe 
hp accurately weighed. If the. weigiit be consider^J ^ tlisatk 
joint weight of the powder before digestion and the filtering p&p<Ki 
we may infer that some sdt has been (bssolved, and the ilecrctse 
•f weight will indicate its (|uaniity. 

Ip certain castas it may be advisable to use repeated portions of 
boiling water, when the salt suspected to bo^resent is difficult « 
•olution. 

Should the mineral imder examination be proved, by tbclbl^ 
giaing experiment, to contain much saline matter, the kisii im 
proportion must nest bse determinedf by rules which will her«amr 
be laid down. 

XL The seotHid clhss, viz. (Mitby bodies, are distingsitibisd ^ 
their insolubility if^ water, by their freedom from taste, by tfefitf 
Winflammahility, and by their specific graviQr never readiiog^ 
If, therefore, |k mineral be insoluble in water, when tried in w 
foregoing manner; and if it be not consumed, either wholly or » 
eenaide^able part, l>y keeping it, for some time, on a ted-hoiv^ 
ir^ may conclude thait it is neither a s^t nor an it^mmable b^ 

Jii# The only reisoaioing ehisa wiib which it can be coDfcu**^ 
isores of met^is, fimn many ef whtcb it may be diKtingius'^ 
i|icrel9i liy poising it in thi^ hand, the ores of metals being alff^P 
beavier than earths; or, if a doubt shpiild still remain, it f^J^ 
wjrfghed bydwwtaticajly. The mode of doing this it may be PJ*r 
to desmdbe; but the nneiple on whtch the practice is ">ao^ 
Sfiimot with propriety 1»« oKplaincd Jiere. Let the minsml b^ ^ 
pendsd by a piece of fine hair, silk, or thread, fkom tfa^ ^'"^^ 
kskn<^e, and weighed in the m. Suppose it to weigh $^ P^ 
Lei it next (still suspended to the balance) be immersed » a 9^ 
of distilled watc^r, of the temperature of 60** Fahrenheit TatxMt 



containing the yrtf^hx will now preponderate* Af)dy 4fa^ppf|fove, to 
^e sqale from which the mineral hangs> as in«^ny grain-wcaghts 9» 
are nef^eaaary to re^to^ the equiU)>rium. Suppose that SO graina 
arc neces^ary9 then the specific gravity may 1>e learned by dividing 
the weight in air |»y the weight lost in water, Thy^) iii tk§ bf^ 
going (^ei 250 ri- ^0 a«B 5;.or, a iiubstance which should IPS6 weight 
in water, according t^ the s^bove proportion, would he five tinges 
heavier th^n water. )t mast, therefore, Qontaii) some mel^, thpugh 
probably in 09 great quantity* Any mineral) which, whw weighed 
in the above m^^nner,, proves to be. s, 6, 7, or mpre timed heavier 
than waiter, ms^y? therefore, be inferred tp contain a metfd, i^d may 
be referred tp the cla3s of ores. 

IV. inflammable substi^ices are distinguished by their huming 
4way, either entirely pr.in cpnsiderable part; on a red*hot i^n; en4 
by their detonating, jwhen mixed with powdered nitre, and thrown 
intp a red-hot crucible^ .Certyon pres of m«t«ls, bow0v^, whieb 
contain a €;onsiderable. prpportion of .inflammable flSAtti^r, answer 
to this tests but may he distinguished from purely iufUrni^niu^hto 
substances by their greater specific gravity. 

i shall now proceed to offer a few general rules for tbp more ACr 
curate examination of suhstimces of each of the above classes* 



SECTION in, . 

1. A s<^v^ov of ssline matter, ohlwied in the foresting man* 
ner (see page 445,) may he slowly ev^^porated, and le|t tp cool gra* 
dually . When cold, erystsls will probably apf^rs which a chemist^ 
acqu^ted with the &rms uf salts, will eaisUy reeognuse. But, as 
several different salts may be present in the same solutions icnd 
may not crystalli^^e in a suftcienUy distinct shapes ^ may he neces* 
sary tp have recourse io the evidence of tests. 

2. hex the salt, m tk^ fir^t pla^e* be referred to one of the fol*- 
lowing ordi^^* 

(ft) Acii^y9rM^lf9v4th49^t^^<$cm. These are known by their 
effect on blue vegetable colours* The particular species oif acid 
inay he discpYored by the tests descried, p. 433. 

{b) 4lMm* These are characterised t^ their irfTect on vegeta- 
ble cokmrss siid by th^ other properties enumerated, rol. 1. p. 213.^ 

f c) ^ SaltB with metallic boBea. Metallic salts afford a very c<!l|>i- 
ous pre^pMMe when mi9(ed with a solution of prftssiate of potash. 
To ascertain the species of metal, precipitate the whole by prus^ 
siate^ of potaahs calcme the precq>itates and proceed .according to 
the'nilea which will hereafter be given for separating metals from 
«ach ether. 
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^^n of sfcit, ill which ferro- 

■j^taSon, afFord Et precipitate, 

'^A, we may infer, that a coni' 

^^^afthe earths, is present i- '*'- 

'f' ''.^;^' *''* po^'isl) has ceased to 1 

■''^^j^^tian^d tdkati precipitates a farther 

■ .- 'ji^'^^csi^y "f**! metallic salta arc con- 

A xiWEiAL su' Jy^i^m first case, add the alkaline solution, 

P.wiv;du» knoM^ ^^^^wpiwluce any effelct, let the sediment 

(jne of the sbr ^-^ jVjnatant liquor, and wash and dry the pre- 

»l knowkdr -.■^''p'^ b« examined, according to the rules that 

SiUety. A'j£>^*«uwiiig article. In the second case, ferro- 



Metiui4 qf evaminw .;. ''^^e of potash has ceased to throw 
^ ■''^^ji^tian^d tdkati precipitates a fart' 
;V^i''^^**r*y *^ metallic salta arc c 



I- ^'* ' /T'* ^'j^'omst be added, a« long as it p^ecipitate■ any 

■*■" '7^°^ must be decanted from the sediment, which 

"*?'* j?*^''' d'*tiH«'l water, adding the washing to what 

■"i^' po*"- The decanted solution must next be mixed 

''-^' (,e one, and the preupitated earths reserved for ei- 

*** bis last process, earths and metals may be sepRrUed 

lalti mitk alkaline batet. These salts are not prC' 
' by prussiate or carbonate of potash. It may bap- 
hat salts of this class may be contained in a stdu- 
' f^ijoag '"^^^ metallic or earthy ones. In this case the. analyss 
logics difRciilt; because the alkali, which is added to prenpiiate 
jj^iri '**^> renders it difficult to ascertain whether the neutral 
jjj( are owing to this addition, or were originally present. I an 
Ij, aware of any method of obTiating this difficulty, except the 
j^owlng: Let the mettds be precipitated by prusuate of ammonia, 
^d the earths by carbonate of ammonia, in a temperature of 1 SO" 
or upwards, in order to ensure the decomposition of magnesiao 
^is, which this carbonate does not eSect in the cold. Separate tbe 
liquor by filtration, and boil it to dryness. Then expose the dry 
icasB to such a heat as is sufficient to expel the ammoniacal salts.* 
Those with bases of fixed alkali will remain unvolatilized. By this 
process, indeed, it will be impossible to ascertdn whether ammo- 
niacal salts were originally present; but this may be learned by 
adding to the salt under examination, before its solution in vat^, 
some pui-e potash, which, if amroonis be contained in the salt, will 
produce the peculiar smell of that alkali. The vegetable and 
mineral alkalies may be distinguished by adding to the soluUOD s 
little tartarous acid, which precipitates the former bnt not the lat- 
ter; or by muriate of platinum, which acts only on the vegetable 
alkiti. 
Flaving ascertained the basis of the salt, the acid will easily be 

' "^ This applit^tion of boat will dme off, Bl«o,'aDy excessof tbeanHnoak- 
cal carbomte, which ntig^t have retained in section either yttria, g-lncind^ 
(irzircoD. The alkaline salts may be separated frooi these eartlVibj boHin; 
tlicEnixiure in water, filtennCi and. evaporating. 
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'natecL Muriated barytf^s will indicate suljphurie acid; ni« 
Wdr the muriatic; and salts, containing nitric acid, may 
y a detonation ensuing on projecting themi mixed with 
4 charcpa}) into a red-hot crucible. . 



SECTION IV. . 

/ Exfimination, of Earths a7id $tone^, ' .. 

WusN a mineral, t^he composition of which we are desirous to 
discover, resists the action of water, and possesses characters that 
rank it amoag eart)]iy bodies, the next object of inquiry^ is the na;- 
lure of the earths tliat enter into its composition; in. other words, 
how m^y of the susiple esyrths^and which of them, it may contain. 
Of these earths (x^iz. sil6x, alumine, magnesia, lime, strontites, 
barytes, zircon, glucine, and yttria,) one. or more may be. expected 
in the ^mpositioR of a ^lineral, beside a small proportion of ifter 
tals, Jto which the colour of the stone is owing. In general, how^ 
ei^Ff it is not usual ta find more than four of the simple earths in 
one mineral* The newly discovered earths, zircon, glucine> and 
yttria, occur very rarely. 

r A stone, which, is intended for chemical examination, should be 
finely. powdered, and care should be taken, that the mortar is of 
harder materials, than the stone, otherwise it will be liable to abrar- 
sion, and wicertainty will be occasioned in the result of the pro^ 
cess. A longer or shorter time is requ^d, according to the t^- 
ture of the stone. Of the harder g^ns, 100 grains require two or 
three hour's trituration. For soft stones, a mortar of W edgwpoc^'^ 
ware is . sufficient; but, (or very hard minerals, one of agate,, or 
hard steel is requiredi ^and the stone should be w^ghed both be- 
fore and after pulverization) that the addition, if any,, may be as- 
certained and allowed for. Gems, and stones of equal. hardness, 
gain g^^ally from lb to 13 per c^nt. When a stone is extrenaely 
difficult to be reduced to powder, it may sometimes be necessary 
to make it red-hot, and while in this state to plunge it into cold 
water. By this process it becomes brittle^ and is afterwards easily 
pulverized* But this treatment is not always effectual; for Klaproch 
found the hardness of corundum not at all diminished by igniting 
it, and quenching in cold water. 

^ The chemical agents, employed in the analysis of st^es, should 
be of the greatest possible purity. To obtain them in tnis state, dl- 
lections have been given in the former part of this work. 

In treating of the analysis of stones, it may be proper to divide 
them» Isty into such as are soluble, either wholly or in part, and 
with effervescence, in nitric or muriatic acids, diluted with five or 
tis^ parts of water; and, 2dly, hito sach as do not dissolve in these 
acids. 
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!. Mart A9 'o^ stones^ soluble ^ith tfierve^ttnte^ in diluted nitric 
wr 9utfihurit €Leid9.* 

(A) If it be found, on trial, that the inineral ufider examinatioti 
•fiervesces with either of these acids, let a given weight, finely 
^wdered, be digested with one of them diluted in the above pro- 
portion, in a gentle heat, for two t>r three hourso Ascertain the 
loss of weight, in the manner pointed out, vol. i. p. 301, and filter 
the solution, reserving the insoluble portion. 

(B) The sohition, when effected, may contain lime, magnesia, 
alumine, barytes, or utrontites. To ascertain the presence of the 
two last, dilute an aliquot part of the solution with 30 times it bulk 
erf water, and add a little sulphuric acid, or hi preference, ^ntion 
df sulphate of soda. Should a white precipitate faM down, we ma^ 
infer the presence of barytes, of strontttes, o^ of bothw 

(C) To ascertain which of these e&Kh^ {^i't, barytes or strMi* 
tites) is present, or, if both are contained iti the solution, to sepa- 
fiite them from each other, add sulphate of soda till the precipitate 
eeases; decant the supernatant liquid; wash the sediment on a filter, 
and dry it. Then digest it, with four times its height of puf e car- 
bonate of pota6h, aiid a sufficient quantity t>f water, in a gentle 
heat, during two or three hours. A double e^cbaage of principled 
w91 ensue, and we shall obtain a carbonate off barytes ^r strontites, 
or a mixture of both. Pour on these, aftei* beifig well washed, ni- 
ti'ic Add, of the specific gravity 1.4, diluted ¥4th an eqttal w^ghl 
«f distilled water. This will dissolve the stromiCes, but not the 
Mirytes. Td determine whether any strontites has been taken up 
by the acid, evaporate the soltltion to dryness, and diSs<>lve the dry 
fUSsS in alcohol. This ticoholk Solution^ if it cohtain nitrate lyf 
4Mrttntites, will bum with a deep blood'^ed flstme. 

Bar3rtes and strontites may also be separated from each other in 
me following manner: To a ssturated solution of the two eArtbs 
}jk an acid, ftdd^fussiate of potash^ which^ if pu^e, will occadon n6 
iihmediat^ precipitation; but, after seme time, smsll and insoluble 
Ctyst^ls will Ibrm ofi the surface of the jar. These are tie pnisK 
slated fa^r^es, which may be changed into the cserbonate by a rod 
i^at, continued, with the aecess of air, till the btack tolour disap- 
pears. The strontites tikay be afterward Separated from thesolutiofn 
6y cai^nate of pbtash. 

A third method of separating strontites from barytes is founded 
<m the stronger affinity of barytes, than of the former earth, fiir 
acids. Hence if the two earths be present in the same selation, add 
^ seltitf en ef pure barytes, till the preci(»itati6n ceases. The ba- 
tytes will sd^e the add, and will throw down the strontites. The 
Strontitie sdlttti^n, in tiiis case, should have no excess of acid, 
whith woilld pretent the action of the bsrytic earth.f 

^ The sulphuric acid is chiefly eligible for stones of the roag-nesian genoi. 

\ Klaproth separates barytes from strontites by evaporating^ the mixed so- 
lutions of both. The barytic salt, being- less soluble, s^pSi^te^ ilrst, add UfeS 
strootitic is contained in the last portianSi 
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(D) The floltttion (B,) M^er the addition of sulphate of soda, 
inay contain Ikne, magnesia, alumine, and some metallic oxide^. 
To separate the oxides, add prusiiate of potash, till its effect ceases, 
and filter the solution, reserving the |:»recipitate for future experi- 
ments,, '. r ; 

(£) When lime, magnesia, and alumine, are contained in the 
same solution, proceed as follows: 

- (a) Precipitate the solution^ previously made hot^, by carbonate 
of potash; wash the precipitate well, and dry it. It will consist of 
carbonate of lime, magnesia, and alumine. (b) The aluinine may 
be separated, by digestion with a solutioa pf.pure potash, whith 
win dissolve the alumine but not the other earths, (c) To this 
solution of alumine, add, very cautiously^ diluted muriatic acid, 
till the precipitate ceases, and no longer; or, as Mn Chenevix re** 
commends, sub$titute muf iate of ammonia; depant the supernatant 
liquor; wash the precipitate well with distilled water, and diy it. 
Then expose it to a law red heat, in a crucible, and weigh it, 
which will give the proportion of alumine. 

r (F) Magnesia and lime m^ be separated^ though not with per- 
fect accuracy, by the following process: .Evaporate the solution, 
in nitric or muriatic acid, to dryness. Weigh the dry mass, and 
pour on it, in a glass eVaporating dish,* more than its own* 
weight of strong sulphuric acid. Apply a sand<<heat till the acid 
ceases to rise, and then raise the heat, so as to expel the excess of 
sulphuric acid. Weigh the dry mass, and digest it in twice its 
weight of cold distilled waters—This will dissolve the sulphate oi 
magnesia, and will leave the sulphate of lime, which must be put 
on a filter, washed with a little more water, and dried in a low red 
heat. To estimate the quantity of lime, deduct, from tlie weight 
of.t)Ml8ulphate, 59fiercen$. According to Klapn>th,t crystallised 
sulphate of lime contains one third earth. 

If the Jime be only in very small pi^portion to the magnesia, 
the two sulphates may be. sep^ated by evap9S«tion, that of lime 
crystallizing firsts 

From Klaproth'a experiments^ 100 parts of sulphuric acid, spe- 
cific gravity 1.850,, when saturated with lime, give 160 of sul- 
phate. To saturate 100 parts of this acid, 55 parts of pure lime 
are required, or 100 of cs^onate of lime. * 

The magnesia is next ta be preeipitated from its. sulphate by the 
sub'K^aYbonafe of potash, in a heat approaching 213^; and the pre- ' 
clpitate, after being i^ell washed, must be- dried, and calcined for 
aa hour. Its weight, after' calcination, will give the quantity of 
magnesia, contained in the stone. 

It had bee% recommended, when magneftiil; and lime are con«f 



«The bottom dfa brbken Florence flask aDswers this purpose extremely 
well, and^be^rs^ widiout breaking, the heat necesi»^rY to expel the sulpharic 
acid. , '^ ' 

+ Vol. i. page 76, n. 
Vol. Jh—V IT 



S3t AVALYBIS Of MINBUAJLS. CUi9,U. 

tallied in the same solution, to precipitate the Utter- by the bi^car^ 
bonate of potash; but it has been shown by Buchoiz, that this 
process is defe^tiiret* a considerable proportion of the carbpaate 
of Ume remaining in lolution* Doberemer prefers adding the 
sub«carbonate of ammonia to the cold solution of the two earths. 
The carbonate ef lime is thus thrown down, and carbonate of 
magnesia may afterwards be separated, by boiling the liquor: or, 
both carbonates may be precipitated together by adding sub-car- 
bonate ^f soda or of potash to the heated solution; and irom this 
precipitate, after being sufficiently washed, muriate of ammpma 
will take up the carbonate of magnesia, leaving that <>f lime sepa- 
rate. From the weights of the carbonates^ it is easy to estimate 
those of the pure earths contained in them. 

(G) If magnesia and alumineonly be held in solution by aa acid 
(the absence of lime being indicated by the nonoappearance of a 
precipitate, on adding oxalate of ammonia,) the two earths mi^ 
be separated by adding, to the cold solution, the carbonate of am- 
monia. This will separate the alumine, which may be collected, 
washed, and dried. To ascertain thiit a complete separation of the 
two earths has been accomplished, the ph)cess may be followed, 
recommended by Klaproth, in his Contributions, vol. i. page 418. 
The magnesia, remaining in solution, may be precipitated by sub- 
carbonate of potash; heat being appUe^l) to expel the access of 
carbonk acid. 

Magnesia and alumine may^ also, be separated by succinate of 
soda, which precipitates the latter earth only.f 

When the solution of magnesia, of alumine, or of both, contains 
a small proportion of iron, this may be separated firoili either or 
both of the earths by evaporating to dryness, calchung the residue, 
during one hour, in a low red heat, and dissolving again ini^i|fttt 
nitric acid, which does not take up iron when thus oxidiaed. 

(H) The insoluble residue (A) may contain alumine, silex, and 
oxides of metak, s» highly charged with oscygen as to resist the 
action of nitric and muriatic acids. 

(a) Add concentrated sulphuric acid, with a small quanUty of 
potash, and evaporate the mixture to dryness, in the vessel de- 
scribed in the note, p» B37. On the dry mass pour a fresh portion 
of the acid; boil again to dryness, and let this be done, repeatedly, 
three or four times. By this operation, the dumine will be (son- 
verted into a sulphate of alumine* and potash, which will be o«nly 
soluble in warm water; and from the solution, crystals of alum will 
shoot on evaporation.^ Let the sulphate of alumine be washed 
off, and the insoluble part be collected and dned. The abunine 

■* Ann. de Chtm. et Pbya. iii 403. 

f See sect t . xvii. of the chapter en Mineral Waten. 

i Klaproth procared crystals of alum from one fourth of a grain of sin- 
mine. The quantity of akuniue be estimates at one tenth the weight of the 
crystallized alum which is obtained. 
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IQay be {rrecipitilkd by c^arbonate of- potash; waslied, dmd) and 
ignited; and its weight ascertained. , 

During the evaporation of a soivtion of alumine^ which^ has been 
separated from silex^ portions of the latter earth continue to faU« 
even to the last.*- These must be collected^ and washed with warm 
ivater; the collected earth added to the portion (6,) and the wash* 
ings to the solution (o.) 

Alumine may be separated from oxide of ir^ by a sahitioa of. 
pure potash. 

From whatever acid alumine is precipitated by fixed alkali^ it is 
apt to retain a small portion of the precipitant; To asceftaki the 
true quantity of this earth, it must, therefore^ be re-dissolved m 
acetous acid, again precipitated by solution of pure aipmoata^ 
dried, and ignited. 

(6) The oxides (generally of iton only) may be separated irom 
the silex in the following mannen««^Let the insoluble part («) be 
heated in a crucible with a little wa^c. This wUl raider the oxides 
soluble ia diluted sulphurte a<lid, add the silex will be left pure 
2(nd whiie. X«et it be washed, ignited, aod its weight ascertained. 

2. Sii>ne9 insoluble in diluted niirie and^mMriaiic atidM. 

These st<»ne$ must be rediieed t^ powder, observing the eau* 
tions given in pi^ 45 1« 

(I) t^% 100 grsinsi or any oth<er determined quantity, be n^ixed 
with three tinaes their w^gfat of pure and drypatash. Put thte 
whole into a crucible of pure silver, set in one ofearthenware of n 
larger siae, the interstice being fiUed with sand; and add a little 
water.t The crucible, covered with a lid, must then be gradually 
heated; and» as the materials swell and would boil ovsr, they are 
to be stirred eonstandy with a rod or spatula of sUver* When the 
moisture is dissipated, and the mass has becoBiie quite dry^ raise 
the heat as far as can foe done without melting die cruciHe, if of 
silver, and eontlDtte the heat daring half an hour, or an hour. 

The phenomena that occur during this operatton, indicate^ in 
sojne degree, the nature of the jnineral under examinatioii. If the 
mixture undergo a perfectly liquid fusion, we may presume that 
the stone ^contains much siliceous earth; if it remain pasty ^A 
opaque, the other earths are to be suspected; and, lastly, if it have 
the form of a dry powder, the bulk of which has oonssderably in* 
creased, it is a sign of the predominance of aluanine. 
• If the fused mass have a dark gre^i or brovmish xoloiue, "the 
presence of oxide of iron is announced; a bright gr^n indicates 

* See Klapfotb, vol. i. pages 6^ sad 75; 

t Klapnuh effected the disintegration <tf coranduin (whieh resisted eleven 
successive fusions with alkadi) by adding to the powdered stane* in a crucible, 
a solution of pure potash, boiling to dryness, and pushing the mixture to fu« 
sion. The alkali must be perfectly caustic, aiid must have been purified by 
alcohol, as recommended, voL i. pp. 212, t\± A platiimm crucible is mvfit 
ibr this pur^e, o4 it Is eoftoded by pttr^ a)k«4i^* 
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miing^nes€) especially if the colour be imparted to water; and % 
j^lLowisii green the oxide of chrome. 

(a) The disintegration of stones, consisting chiefly of alumine^ 
is not easily effected, however, by means of potash. Mr. Chenevix 
found (Philosophical Trsmsactions, \S02) that minerals of this 
class are much more completely decomposed by fusion with cal-' 
cined borax. One part of the mineral to be examined, reduced to 
• a very fine powder, and mingled with 2} or three times its weight 
of glass oi^ borax (^see part i. chap, xvi.) is to be exposed to a strong 
heat for two hours in a crucible of platinum, set in a larger earthen 
one, and surrounded by sand. The crucible and its contents, 
#hich adhere very strongly to it, are then to be digested, for some 
hours, with muriatic acid, by which a perfect solution will be ac- 
complished. The whole of the earthy part is then to be precipi- 
tated by sub-carbonate of ammonia; and the precipitate after being 
well washed, is to be re-dissolved in muriatic acid. By this means, 
the borax is separated. The analysis b afterwards to be conduct- 
ed nearly in the manner which will presently be described. 

(K; The crucible, being removed from the fire, is to be well 
deaned on the outside, and set, with its contents, in a porcelain or 
or glass vessel, filled with l^ot water, which is to be. stirred and 
renewed, oecasiontftly, till the whole mlass is detached. The water 
dissclvres a considerable part of the compound of ahimine amd si- 
lex with potash, and even the whole, if added in sulicient quantity. 
During cooling, a sediment occasionally forms,, in the filtered li- 
quor, of a brownish colour, which is oxide of manguiese. (See 
Klaproth, i. 345, d.) - 

(L) To the solution (K,) and the mass that has resisted sola- 
tion, in the same vessel, add muriatic acid. The first portions of 
acid will throw down a fiocculent sediment, which consists of the 
earths that were held dissolved by the alkali. Then an efferves- 
cence ensues; and a precipitate occurs, 'which is no sooner formed 
than it is dissolved. Lastly, the portion that resisted the action of 
water is taken up, silently, if it contain alumine, and with effer- 
vescence if it be calcareous earth. 

(M/ From the phenomena attending the action of muriatic 
acid, some indications may be derived. If the solution assume a 
purplish red colour, it is a sign of oxide of manganese; an orange 
red shows iron; and a gold yellow colour betokens chrome. Free- 
dom from colour proves, that the stone contains no metallic in- 
gredients. 

(N; When the solution is complete, it is to be evaporated to 
dryness in a glass vessel; but if any thing resist solution, it must 
be heated, as before (1») with potash. When the liquor ap« 
proaches to dryness, it assumesvthe ionh of a jelly, and must then 
be diligently stirred till quite dry. 

/ (O) {a) Let the dry mass be digested, in a gentle heat, with 
three or four pints, or even more of distilled water, and filtered. 
(d) Wash what remains on the filter, repeatediyi till the washing 
ceases to precipitate the nitrate of silver^ and add the washings to 
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the filtered liquor, (e) Let the residue o^ the fitter be dried aud 
ignited in a crucil^e. Its weight shows thp quantity of silex. If 
pure, it should be perfectly white; but if it has any colour, an ad-* 
mixture of some metallic oxide is indicated. From, this it may be- 
purified by digestion in muriatic acid, and may again be washed,, 
ignited, and weighed. 

(P) The solution (O,) which, owing to the addition of the wash-^ 
ings,'will have considerable bulk* is next to be evaporated,*till less , 
than a pint remains; carbonate of potash must then be added, and 
the liquor must be heated during a few minutes. Let the precipi-*^^ 
tate,'o€casipned by the alkali, subside;^ decant the liquet from above 
it, and wash the sediment, repeatedly, with warm water. Let it 
th^n be put on a filter and diied. ' 

(Q) The dried powder may contain alumihe, lime, magnesia, 
barytes, or strontites; beiudes metallic oxides. Which may be sepa« 
rated from each other, by the rules already given. • 

(R) It may be proper to examine the solution (P) after the ad* 
dition of carbonate of potash, in order to discover, whether any and 
what acid was contained in the stone. * ^ 

(o) For this purpose, let the excess of alkidi be neutralized by 
muriatic acid, and the liquor filtered. > 

(6) Add, to a little of this liquor, a solution of muriated barytes. 
Should a copious precipitate ensue, which is insoluble m mlut# 
muriatic acid, the presence of sulphuric acid is detected. And if 
much barytes, strontites,' or lime, has been found in the precipitate 
(Q,) we may infer the preseiK:e of a sulphate of one of these three 
earths. 

(c) If, on mixing the liquid (a) with the solution of muriated 
barytes, a precipitate should ensue which is soluble, without effer- 
vescence, in muriatic acid, the phosphoric acid may be known to 
be present; and, if lime be also found, the ph^phate ef lime is im^ 
dicated. W . • 

(d) To a portion of the liquor (a) add a solution of muriate of 
lime till the precipitate, if any, ceases. Collect this precipitate, 
wash it, dry it, and pour on it a little sulphuric acid. Should acid 
fumes ai^ise, the fluoric acid may be suspected. To ascertain its 
presence decisively, distil a portion of the precipitate with half its 
weight of sulphuric acid. The fluoric $icid will be known by its 
eflbcts on the retort, and by the properties described, in part i. 
6hap« xvii. 

(S) The method of separating, from each other, the metallit: 
oxides, usually found as the colouring iogredi^its of stooes^ re- 
mains to be accomplished. * 

(a) Let the precipitate, by the prussiate of potash (D,) be ex* 
posed to a red heat, by which the prusuc acid will be decomposed. 
The oxides thus obtained, if insoluble in dilute nitric or muriatic 
acid, will be rendered soluble, by again calcining tbem with the 
addition of a litde wax or oil. 

(3).dr the process may be varied" by ^mitthig the precipitation 
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hy prussiate of potash , and proceeding as directed (E^ 'I*he oxides 
will remain mixed with the inagnesia and lime, and, after the ad- 
dition of sulphuric acidi will be held in solution by that acid> along 
with tnagnefeia only. 

In h&5k cases the same method, of proceeding may be adopted; 
such variation only being necessary as is occasioned by the pre- 
sence of magnesia in thb latter.. 

(c) To. the solution (a or b^) co^itsdning several metallic oxides 
dissolved by an acid, add a solution of crystallieed carbonate of pot- 
ash, as long as any precipitation ensues. This will separate the 
oxides of ircHif chrome, and nickel; but the oxide of manganese and 
the magnesia, if any be present, will r^nain dissolved. 

If a small quantity of oxide of manganese be suspected in an 
oxide of iron, it may be detected by mixing the oxide with nitre, 
and throwing the mixture into a red hot crucible. Manganese will 
be indicated by an amethystine red tinge in the solution of this 
niu*e. 

To separate ^e o^xides of iroti and manganese from each other, 
Gehlen recommends succinic aci<$i which is preferred, also, by 
Kkkproth and Bucholz. Ben&elius employs for this purpose the 
compounds of bensoic acid. Dr* John advises the addition of oxa* 
late of potash to ihe solution of the two oxides, first rendered as 
Beutral as possible; bitt Buchola finds that this process is imperGect, 
and that the oxalates precipitate manganese as well as iron. ' Mr. 
Hatchett has suggested another method of separating iron from 
manganese. The solution of the ore, made by muriatic acid, and 
filtrated, must be diluted ivith three or four pints of cold disdlled 
Urater. To this liquid, pure ammonia must be gradaally added, till 
h slightly restores the blue colour of reddened litmus paper^ The 
^de of iron will thus be separated,, and will remain on the &ixet 
won which the liquor is thrown; and th6 oxide of manganese wiD 
pass through it, in attate of solution.. The oxide of manganese may 
be obtained by evaporation to dryness, and Sy calcining m a heat 
sufficient to expel the muriate of ammonia.* 

(d) Ma^esia and oxide of manganese may be sepamted by add- 
ing to their solution (r) the hydro-sulphuret of pc^ash,t which wiR 
throw down the manganese, but not the magnesia. The precipita- 
ted manganese must be calcined with the access of air and weigh- 
ed. The magnesia may afterward be separated by solution of 
pure potash; and, when precipitate^, must be washed, dried, and 
calcined. 

(f) The oxide of chrome may be separated from those 'of iron 
and nickel, by repeatedly boiling the three to dryness, with nitric 
acid. This wiU acidify the chrome, 9nd will render it soluble in 
pure potash, which does not take up tl)e other oxides. From tltis 
combinaticHi with potash \he chromic oxide may he detached by 
adding mUriatic acid and evaporating the liquor till it assumes a 

* Thomseo's Annals^ v. 343. f See vol. i. p^^ 37Q. 
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green eolout. Then, on adding a solution of pure potiKli, the 
oxide of chrome will fall down, because the quantity of oxjgen^ 
required for its acidification, has been separated by the* muriatic 
acid. 

(/) The oxides of iron and nickel are nei^ to be dissolved it» 
muriatic acidj and the solution evaporated to dryness. Liquid 
ammonia is then to be added, which acts on the oxide of nickel 
only. The solution may be again evaporated to dryness, which 
vrill render the oxide of iron more dense, and more easily separa- 
ble from the soluble portion. A fresh addition of ammonia ^ill 
now readily dissolve the nickel^ leaving the oxide of iron, which 
must be collected on a filter, dried, and weighed. If highly oxidized, 
it mifst, before weighing, be calcined with wax, in a crucible.*^ 
The oxide of nickel remains dissolved by the excess of ammonia, 
to which it imparts a blue colour. It may be separated by evapo* 
rating the solution to dryness and dissolving the salfef 

(g) Oxide of nickel may be separated from oxide- of copper^ 
when contained in the same solution, by immersing in the solu* 
tion a b^r of zinc, which will precipitate the latter metal only. 
(h) From the anunoniacal solution of nickel and cobalt, Mr. Phil- 
lips finds that the former metal is immediately precipitated by pot* 
ash or soda, which very slowly and sparingly throw down cobalt 
from the same solvent. 

The analysis of the stone i$ now completed, and its accuracy 
may be judged by the correspondence of the weight of the com- 
ponent parts with that of the stone originally submitted to experi- 
meQt. 

It may be proper to observe, that certain stones, which are not 
soluble in diluted nitric and muriatic acids, may be decompose^ 
hy an easier process than that described (A.) Among these are 
the compounds of barytes, strontites, and lime, with adds, chiefly 
with the sulphuric, fluoric, and phosphoric. Th^ sulphates of 
barytes, strontites, and lime; the fluate of lime; and the phosphate 
of lime; are all found native in the earth, aiid, except the last, are 
all insolujUe in the above-mentioned acids. They may be known 
generally by their external chs^^cters. The compounds of barytes 
and strontites have a specific gravity greater than that of other 
earths, but inferior to that of metallic ores. They have, fre-^ 
i|uently, a regular or crystallized form, are more or less transpa- 
rent, have some lustre, and their hardness is such ^s does not 
prevent their yielding to the knife. The combinations of lime, 
with the above-mentioned acids, are distinguished by siiml^ 
characters, except that they are much less heavy v 1 To the mnW^ 

* Dr. Marcet alleges th^t after this operation, the ir^ sUR reraains in tkQ 
Itate 1^ peroxide. Gedog. Transact i. 

t For ai^ example of tl^ separation of niek^ ^Wam iron, see Klapfoth^ff 
Contributions, vol. i. page 422, where, also, andp^it^ 42H^ is an instance of 
^the testing of niokel for copper. ■>■.■: 
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vralogitt, the outwatd £;>rm and characters of these stones are suf- 
ficient indications of their composition. 

Instead of the fusion with alkali, an easier process may be re« 
commended. Let the mineral under examination be reduced t9 
powdery and be digiested, in nearly a boiling heat, during one or 
two hours, with three or four times its weight of carbonate of pot- 
ash, and a sufficient quandty of distilled water. The acid, united 
with the earth, will quit it and pass to the potash, while the car- 
bonic acid will leave the alkdi and combine with the earth. We 
shall obtain, therefore, a compound of the acid of the stone with 
potash, which will remain in solution, while the carbonated earths 
will form an insoluble precipitate. The solution may be assayed to 
discover the nature of the acid, according to the formula (I?) and 
the earths may be separated from each other by the processes 
(B,)&c. ^ 

(T) In the.foregoing rules for analysis I have omitted the mode 
pf detecting and separating glucincy because this earth is of veiy 
rare occurrence. When alumine and glucine are present in a mi« 
neral, they may be separated from the. precipitate (£ a) by pure 
potash, which dissolves both these earths. A sufficient quantity of 
acid is then to be added to saturate the alkali; ^nd carbonate of am- 
monia is to be poured in till a considerable excess of this carbo- 
nate is manifested by the smell. The*alumine is thus separated, 
but the glucine, being soluble in t|ie carbonate of ammonia, re- 
Qiains dissolved, and may be precipitated by boiling the solution. 

(U) Zircon may be separated from alumine, by boiling the mvL- 
ed earths with pure soda, which acts only on the latter.* From an 
aicid solution containing both earths, the alumine is thrown down 
by saturated carbonate of potash, which, when added in excess, re- 
dissolves the zircon. Glucine and zircon, or glucine and yttria,' 
may be separated, when mixed together in solution, by prussiate 
of potash, which has no action on glucine, but precipitates the two 
<^ther earths. 

(V) To separate yttria from alumine, precipitate them from a 
aolution containing both earths, by pure ammonia; boil the pre- 
cipitate in a solution of pure soda, which. chi^y takes up alumine: 
neutralize the solution with sulphuric acid, and add carbonate of 
soda to the solution, brought to the boiling temperature. A pre-' 
eipitate will ensue, consisting of alumine, with some yttria.. To 
separate the latter earth, dissolve in muriatic acid, and add an ex* 
cess of carbonate of ammonia, which takes up only the yttria. To 
^sure, still farther, the purity of the alumine, dissolve the residue* 
in an excess of sulphuric acid: add a small poition of sulphate oi 
potash, and crystallize the solution. The crystals of alum, that arc 
produced, contain one tenth of alumine. 

( W) The presence of potash (which has lately been discovered 
in some stones) may be detected by boiling the powdered mineral, 

* Klaproth^ vol. ii. pa^ 213. ^ 
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teptdLi^ly fo dryness, with strong sulphuric acid. Wash the dty 
mass with watei*, add ai little excess of acid, and evaporate the so* 
lution to a smaller bulk. If crystals of alum should appear, it is a 
decisive proof of potash, because this salt can never be obtained, 
in a crystallized form, without the- addition of the vegetable alkali. 
' But since a mineral may contain potash, and little or no alumine, 
in which case no crystals of alum will appear, it may be necessary, 
in the latter case, to add a little alumine along with the sulphuric 
acid. Or the stone may be so hard as to re^st the action of sul* : 
phuric acid; and it will then be necessary to fuse it [In the manner ' 
directed (I j]| with soda, which has also a solvent power over alu-» 
mine and silex. The ^sed mass is to be dissolved in water, and 
supersaturated with sulphuric acid. Evaporate to dryness, -redis- 
s41ve in water; and filter, to separate the silex. Evaporate the sO'* 
lution, which will first afford crystals of sulphate of soda, and af- 
terwards of sulphate of potash, should the latter alkali be contain^- 
ed in the mineral. * 

Klaproth first discovered potash in leuche, on summing up the 
results of its analysis, which gave a considerable, loss of weight. 
By boiling the stone with diluted muriatic acid, and evaporation^ 
he obtained crystals of muriate of potash. Another proof of the 
presence of potash was, that, when sulphuric acid was boiled with 
It, the solution gave crystals of alum, to which potash is essential. 
He also boiled the stone with muriatic acid, and, after dissolving 
the nfliriate of alumine by alcohol, muriate of potash remained*' 
The volcanic leucite contained less potash than other kinds. The 
same alkali he also detected, afterwards, in lepidoiite. 

The potash, contained in sulphate of alumine, may be separated 
from the earth, by adding a solution of pure barytes as long as any 
precipitadon is produced. The alumine and sulphate ofbarytes 
will &11 down together, and the potash will remain in soludon. Its 
presence may be known by the tests, enumerated in the first chap- 
ter of part ii. (sect. 3.) 

X. Soda may be detected in a mineral by the following experi- 
ments:!-— Let the powdered stone'be treated with sulphuric acid, as 
itK (U);.wash off the solution, and add pure ammonia, till tlie pre- 
cipitation ceases; then filter, evaporate the solution to dryness, and 
jraise the heat so as to expel the sulphate of ammonia. The sul- 
phate of soda will remain, and maybe known by the character, 
vol. i. page 247. 

Soda was first found, by Klaproth, in chrysolite, in the large 
proportion of 36 per cent. This analysis was confirmed by Vau- 
(melin, whose mode of separatiYig it happens to be the one I now 
recommend. Both the fixed alkalies have since been frequently 
discovered in native minerals; viz. soda in basalt (Rlaproth, U.. 
195); in pitch-stone (207); and in kling-stone, amounting to 8 
percent. (182.) The same skilful analyst has found potash in 
Hungarian peai'l-stone (263); and, accompanied by soda, in pa- 
mice (SO.) 

Vol. II.— X'x 
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A new method has heen proposed by, Sir H. Davy 9* for anfl&y^iog 
stonesy containipg either of the fixed alkalies; viz. by ineaiis of the 
boracic acid. The process is Sufiicieiitly simple. One hundred 
grains of the stone to be examined must be fused, during hsdf m 
hour, at a strong red heaty with 200 grkins of boracic acid. An 
ounce and a half of nitric acid, diluted with seven or eight parts of 
water, must be digested on the mass, till the whole has been de- 
composed. The fluid must be evaporated^ till |ts ^uaotity is re- 
' duced to ounce and half or two ounces. 

. If the stone contain silex, this earth will be separate^ in the pro- 
cess of solution and evaporation. It must be collected on a mcFf 
and washed well with water, till the boracic acid, and all the saline 
matter, are separated. The fluid, and all that has pasted thfoogh 
the filteri must be evaporated to about half a pint; then aatoratel 
with cai*bonate of amn^onia; and boiled with an excess of that salt, 
till all the materials that it contains, capable of being precipitated, 
have fallen to th^ bottom of the vessel. The solution must then be 
passed through a filter, which retains the earths and metallic osddes. 
It must then be mixed with nitric acid, . till it tastes strongly sour, 
and evaporated till the boracic acid appears free. . The fluid must 
next be evaporated to dryness; when by exposure to a heat of 450* 
' Fahrenheit, the nitrate of ammonia will be decomposed, and tbe 
nitrate of potash or soda will remain in the vessel. 

The remaining eai'ths and tnetallic oxides are separated from 
each other by common processes; t^tz* alumine by solution of pot- 
ash; lime by .sulphuric ac^d; oxide of iron by succinate of ammonia; 
oxide of manganese by. hydro-sulphuret of potash; i^d magnesia 
by pure soda.; 

2. Ta^lc qf Subittances which niuy be exfiected in Martha and 
Stone8r aud References f p the JSiean% of aefiarating ihem from 
each other, 

. -^c*rf,iluoric, R^ rf, 

phosphoric, R. c. 
sulphuric, R. b.. 
Alumine frpm lime and niagi3^e^jia». £• . 
its quantity, E. c. 
from m^ignesiiai, Q. 
silex, H. a. 

, metallic, c^de^^ H. a* 
glucinei.Tv 
Barytes and StrontUea from other earths^ B. 

from strontites) C . 
Chrome from mai^gaAie^, &c. S, c. 

iron and nickel,, S. e. 
Earths froi^. oyidej;, j>. 

r 

* Philosopliical Transactions, 1805i or Nicholson's Journal, xiii«8$. 
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G/tteinr from alunnne, T. 
Iron from manganese^ S: e, 

nickel, S./; 
Lime from magnesia, F. 
! alamine,£« b, * 

iis ^uamity^ F. 
Ma^neaUt from Ihoet F. 

alumina, G. 
manganese, S. d* 
Its quantity, F. 
J^njfvi»r«tf, indications of, M. 

from iron, chrome, and nickel, ,S. c. 
^ magnesia, S. </. , ^ ^ 

^ Mckel from manganese, S« r. 

iron, S./. fiom copper, S« g. from cobalt, S. A. 
Oxide8y metallic* from earths^ D. 
Potaah from earths and oxides, W. 
SiUx from idumuie, H. a. 

earths in general, O* c. 
oxides, HT ^. 
^ofifa from eaiths atid oxid^, X. 
'Strontitray s^e fiarytea. 
Yttfia 'from aliiminey &c. V. 
Zircon from aiumit^,' ^c. U. 



SECTION V. 

Analy 819 of Inflammable Foaaila^ 

» 

The exact analysis of inflammable fossils is seldom necessary 
in directing the most benefical application of them. It may be 
proper, however, to offer a few general rules for judging of their 
purity. 

I. — Suffihur. 

Sulphur should be entirely volatilized by distillation in a glass 
retort If any thing remain fixed, it must be considered as an im- 
in^rity, and may bie examined by the preceding rules*. 

Sulphur, also, should be totally dissolved by boiling witlt solution 
^f pure potash, and may be separated from its impurities by this 
alludi. 

Impure .sulphuri consumed by burning in a small crucible, leaves 
a residue of oxide of iron and ulex* 

* « 

11.— Cofl/«. 

1. The proportkm of bitaminous matter in coal may be learnt 
by distillation, in an earthen retort, and collecting their product. 
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2. The proportion of earthy or metallic iagredients may be found, 
by burning: th<^ coal with access of air, on a red-hot iron. What 
renv^ins unconsumed must be considered asan impurity, and may 
be analyzed by the foregoing rules. 

S* The proportion of carboir may be ascertained, by observing 
the quantity of nitrate of potaslv which a given weight of the cod 
is capable of decomposing. For this purpose, let 500 grains, or 
more, of perfectly pure nitre be melted in a crucible, and, when 
red-hot, let the coftl to be examined, reduced to a coarse powder, 
be projected on the nitre, by small portions at once, i^ot exceedinf 
One or two grains. Immediately, when, the flame, occasioned hj 
one projectioit, has ceased, let another be made, and so on till the 
dffect ceases. The proportion of carbon in- the coal is directly pro- 
portionate to the quantity required to alkalize the nitre. Thus, 
since ]2.70d of carbon are required to alkalize 100 of nitre, it will 
be easy to deduce the quantity of carbon, in a givea weight of coal, 
from the t|uantity of nitre which it is capable of decompo»Df. 
This method, however, is liable to several objections, which its in- 
ventor, Mr. Kirwan, Feems fully aware of.* 

Plumbago^ or tlack^Uad^ is another inflammable substance, 
which it may sometimes be highly useful to be able to identifyv 
and to judge of its purity. When proj.ected . on red-hot nitre, it 
should detonate; and, on dissolving the decomposed nitre, an otide 
of iron should remain, amounting tp ^^ne tenth the weight of the 
plumbago. Any mineral, therefore, that answers to these charac* 
ters, and leaves a shining trace on paper, like that of black-lead 
pencils, is plumbago. 



SECTION VI. 

Analgia of Metallic OreB* 

'tnz class of metals comprehends so great a number of indivi- 
duals, that it is almost impossible to offer a comprehensive formula 
for the analysis of ores. Ores of the same metal, also, as the mine* 
ralizing ingredients vary, require very different treatment. Yet 
sotne general directions are absolutely necessary, to Enable the na- 
turalist to judge of the composition of bodies of this class. 

The ores ormetah may be analyzed in two modes, in the humid 
and the dry way. The first is effected with the ^d of acids and of 
other liquid agents, and may often be accomplished by persdns who 
are prevented by the want of furnaces, and other necessary appV' 
ratus, from attempting the second. If sulphur, however, be pre- 
sent in an ore, which may be generally known by its external cha- 
l^cters, as described by mineralogical writers, it impedes the ae- 

* Sea his Bl^meQts of Mineralogy, vol. ii. page 514* 
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tlon of acMs; and should be separated, either by roa^tlng^the ore 
on a muffle, or by projecting it> mixed with twice or thrice . it& 
weight of nitre, into a red-bot crucible, washing oflF the alkali af; 
terwards by hot water. 

It is hardly possible to employ a solvent, capable of taking up 
all the metals. Thus^ the nitric acid does not act on gold or pla- 
tinum; and the nitro -muriatic, which dissolves these 411 etals, has 
"no solvent action on silver. It will be necessary, therefore, to 
vary the solvent according to thcuftture of the ore under exami^ 
nation. - 

l.I'or ores qf gold ond filatinum^ the nitro -muriatic acid is the 
fnost proper solvent. A given weight of the ore may be digested 
with this acid, as long as it extracts any thing. The solution may 
be erSLporated to dryness, in order to expel the e^tcess of acid, an^ 
dissolved in water. The ad<lition of a solution of muriate of tin 
'Will show the presence of gold by a purple precipitate; and plati- 
num will be indicated by a precipitate, on adding a solution ^ 
m^iriate of ammonia. When gold and platinum are both contained 
in tho same solution^ they niay be separated frpiti each^ other by 
the last-mentioned solution^ which throws down the pUtinum, but 
not the gold* In this way platinum may be detached, also, from 
other metalis. 

When gold is contained in a solution, along with several other 
metals, it may be separated from most of thetn by adding a dilute 
solution of sulphate of iix>n. Th^ only metaU, which this salt pre«- 
cipit^tes, are gold, palladium, silver, and mercury. 

2. For extracting silver from its ores^ the nitric acid is the 
znost proper solvent. Nitric acid, however, does not act on horn- 
silver ore; which must be decomposed by carbonate of soda. The 
Bilver may be precipitated from nitric acid by muriate of soda 
(common salt.) Every 100 parts of the precipitate contain 7S of 
silver. But, as lead nvay be present in the solution, and this me- 
tal is also precipitated by muriate of soda, it may be proper to im- 
merse in the solution (which should not have any excess of acid} 
a polished plate of copper. This will precipitate the silver^ if 
pre»ent, in a metallic form. The muriate of silver is also soluble 
in liquid ammonia, which that of lead is not. For examples of the 
analysis of silver ores, the .reader may consult Klaproth, vol. i.. 
page 554, &c. 

3. Cofifier ores may be analyzed by boiling them with five times 
theii* weight of concentrated sulphuric add, tAl ^a dry mays is ob- 
tained, from which water will. extract the sulphate of copper. 
This salt is to be decomposed by a polished plate of iron, im- 
mersed in a dilute solution- of it. The copper will be precipitated 
in a-metallic state, and may be scraped on and weighed. 

If silver be suspected along with copper, nitrous acid must be 
employed as the solveut; and a plate of polished capper will detect 
the silver. 

The reader, who «^ngages 4n th^ analysi;^ of copper ores, will 
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derive much advantage from the examples to be found in Klap- 
roth's Essays, vol. i. page 54, 541, a^cvand also from Mr. Chenc- 
vix's paper on the analysis of arseniates of copper and ircMi} Phi- 
losophical Transactions, 1801, or Nicholson's Journal, 8vo. vd. 
i.; and from Vauquelin's I'emarks in Thcunson's Annals, tv. 157. 

4. Iron ores may be dissolved in dilute muriatic aeid, or, if the 
metal be too highly oxidized to be dissolved 'by this acid, they 
must be previously mixed with one eighth of their weight of pow- 
dered charcoaK and calcined m a crucible for one hour. The iron 
is thus re;ndered soluble. 

The solution must then be diluted with 10 or 12 times its quan- 
tity of water, previously well boiled, to. expel the.sjr, and n|ust be 
preserved in a well-stopped glass bottle for sixt>r eight days. The 
phosphate of iron will, within that time, bejprecipitated, if any he 
present; and the liquor must be decanted off. 

The solution may contain the oxides of iron, manganese, and 
s^inc. It may be precipitated by carbonate of soda, which will se- 
parate them all. The oxide of zinc will be taken up by a solution 
of pure ammonia; distilled vinegar will take up the manganese, 
and "^in leave the oxide of iron. Frofm the weight of this, after 
ignition, during a quarter of an hout*, 29 fier cent, may be deduct- 
ed. The remainder shows the 'quantity of iron. 

5. Tin ores. To that most accomplished analyst, Klaproth, we 
owe the discovery of a simple and effectual mode of analyzing tia 
ores in the humid \f^Y• 

^ ■ Boil 100 grains, im a silver vessel, with a solution of 600 grains 
of pure potash. Evaporate to dryness, and then ' ignite, mode- 
rately, for half an hour. Add boiling water, andy if any pordon 
remain undissolved, lei it undergo a similar treatment. 

Saturate the alkaline solution With muriatic acid, which will 
throw down an oxide of tin. l^t thi$ be re-dissolved by an excess 
of muriatic acid; again precipHated by carbonate of soda; and> be-, 
ing dried and weighed, let ity after lixiviation, be once more dis- 
solved in muriatic acid. The insoluble part consists of sUex. Into 
the colourless solution, diluted with two or three parts of water, 
put a stick of zinc, routid which the reduced tin will collect. 
Scrape off the deposit, wash, dry, and fuse it under a cover of tal- 
low in a capsule placed on charcoal. A button of pure metallic 
tin will remain at the bottom, the weight of which, deducted from' 
that of the ore, indicates the proportion of oxygen. 

The presence of^tin in an ore is indicated by a purple precipi- 
tate, on mixing its solution in muriatic acid with one of gold in 
nitro^muriatic acid. 

6. Lead ores may be analyzed by solution in nitric acid, diluted 
with an equal weight of water. The sulphur, if any, will remain 
undissolved. I^et the solution be precipitated by carbonate of 
soda. If any silver be present, it will be taken up by pure liqaid 
ammonia. *Wash off the excess of ammonia by distilled water; and 
add concentrated siulphuric acid, applying heat, so that the nu- 
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riatic acid may be vfaoUy expelled. . Weigh the sulphate" of. I^a^d, 
and, after deducting 70 fier cent.y the remainder shows the quan- 
,tity of lead. 

Muriate of lead may also be separated from muriate of silver 
by it* greater solubility in i^rm water. From the solution^ iron 
may be separated by prussiate of potash, and the solution decom- 
posed by sulphuric acid. < . 

.7. Mercury may be detected in ores that are supposed to con- 
tain it, by distillation in an earthen retort with half their weight of 
iron filings or lime. The mercury, if any be present, will rise and 
be condensed in the receiver. 

8. Ores of zinc may be digested with the nitric acid, and the 
part that is dissolved boiled to dryness, again dissolved in the sCcid, 
and again evaporated. By this means the iron^ if any be present, 
will be rendered insoluble in dilute nitric acid, which will take up 
the oxide of zinc. To this solution add pure liquid ammonia, in* 
excess, which will separate the lead and iron,, if any should have 

, been dissolved, and the excess of alkali will retain the oxide of 
sine. This may be separated by the addition of an acid, or by the 
evaporation of the solvent. 

9. jintimonial area. Dissolve a given weight, in three, or fi9ur 
parts of muriatic and one of nitric acid. This will take up .the an- 
timoTny, >and leave the sulphur, if any. On dilution with water, 
the oxide of antimony is precipitated, and the iron and mercury 
remain dissolved. Lead may be detected by sulphuric acid.* 

10. Ores qf arsenic xiliaiy be digested with nitro-muriatic acid, 
composed of one part hitric, and one and a half or two of muriatic 
acid. Evaporate the solution to one fourth, and add water, which, 
will precipitate the arsenic. The iron may afterwards be separa- 

, ted by aimmonia.t ' 

11. Ores of bismuth are also assayed by digestion in nitric acid 
moderately diluted. The addition of water precipitates the oxide, 
anld, if not whblly separated at first, evaporate the solution; after 

^ which, a farther addition of water will pr^cipita^ the remainder.^ 

12. Ores of cobalt may be dissolved in nitro-muriatic apid. 
T^en add carbonate of potash,^ which at first separates iron and 
^rsenii^; Filter, and add a farther quantity of the carbonate, when ^ 
a grayishred precipitate will fall down, which^ is pxide of cobalt. . 
The iron ^nd arsenic may be separated by he^, which volatilizes ; 
theaivbnic* Cobalt is also ascertained, if the solution of an ore in 
muriatic acid give a sympathetic ink.$ 

* See Klaprothi on tbe Analysis of Antimoniated Silver Qre, vol« i. p. 560. 
t See Cbenevnc, Philosophical Tra^sactiops, 1801, pag6 215. 
X See Anidysis oi an Ore of Blamuth and Silver^ in Klaproth, vol. i. page 
554;^ Mode of detecting a small Quantity of Silver in Bismuth, page 220, c. 

J See chap. xix. sect. 17.-<-An example of th6 analysis of ao ore of co- 
t may be seen in Klaproth, vol. i. page 554; and of sulphate of cobalt, 
psge579. 
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1 3. OrU of nickwL Dissolve them in nitric acid, and add to the 
solution pure ammonia^ in such proportion that the alkali may be 
considerably in excess. This will precipitate other metals, and 
will retain the oxide of nickel in solution^ which may be obtained 
by evaporation to dryness, and heating the dry mass till the nitrate 
of ammonia has sublimed. 

14. Ore9 of man^anest* The earths, and several of the metals, 
contained in these ores, may first be separated by diluted nitric 
acid, which does not act on highly oxidized manganese. The ore 
may aftei*ward be digested with strong muriatic acid, which will 
take up the oxide of manganese. Oxygenized muriatic ^.cid will 
arise, if a gentle heat be applied, and may be known by its peculiar 
smell, and by its discharging the colour of wet litmus paper ex- 
posed to the fumes. From muriatic acid the manganese is preci- 
pitated by carbonate of soda, in the form of a white oxide, which 
becomes black when heated in a crucible. Ores, suspected lo con* 
tain manganese, may also be distilled p,er «e, or with sulphuric 
acid, when oxygen gas will be obtained. Oxide of manganese may 
be separated from oxide of iron by solution of pure potash, which 
takes up the former but not the latter.* 

Ores of manganese may also be distinguished by the colour they 
impart to borax, when exposed together to the blow-pipcf 

15. 0rt9 of uranium. Tliiese may be dissolved in c^lute nitric 
acid, which takes up the uranitic oxide, and leaves that of iron; ot 
in dilute sulphuric acid, which makes the same election; or, if any 
iron has got into the solution, it may be precipitated by zinc. 
Then add caustic potash, which throws dowif, the oxide of zinc and 
uranium. The former may be separated by digestion in pure 
ammonia, which leaves, undissolved, the oxide of uranium. This, 
when dissolved by dilute sulphuric acid, affords, on evaporation, 
crystals of a lemon yellow colour. 

If copper be present, it will be dissolved, along with the zinc, by 
the ammonia. If lead it will form, with sulphuric acid, a salt much 
less soluble than the sulphate of uranium,, and which, on eva- 
poration, yriW therefore separate first. 

16. Ores of tungsten. For these the most proper treatment 
seems to be digestion in nitro*muriatic acid, which takes up the 
earths and other metals. The tungsten remains in the form of a 
yellow oxide, distinguishable, by its becoming white on the addi- 
tion of liquid ammonia, from the oxide of uranium. To reduce 
this oxide to tungsten, mix it with an equal weight of dried blood, 
heat the mixture to redness, press it-into another crudble, which 
should be nearly full, and apply a violent heat for an hour at least 

17. Ores qf molybdena. l^epeated distillation to dryness, with 
nitric acid, converts tlie oxide into an acid, which is insoluble in 

* Sec the analysis of an ore of maDgfanese, vid humiddy io K}a[>rDlb, vol. 
•i. page 51(^ and of a cobaliic ore of maDg^aoese, page 569. 
t See chap. xix. sect 18; aod also Thomson's Aaoals, iii. 312. ' 
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nitric acid, ^d may thus be separated from other metals, except 
iron, from which it may be dissolved by sulphuric or muriatic 
acids. The solution in sulphuric acid is blue, when cold, but co* 
lourless, when heated. That in muriatic acid is only blue, when 
the acid is heated and concentrated.* 

Respecting the ores of the remaining metals, sufRcient informa- 
tion has been already given for the purposes of the general student, 
in part i. chap. xix. of this work; and th^y are of such rare occur- 
rence, that it is unnecessary to describe them more in detail. It 
may be proper, however, to state where the best examples of the 
analysis of each ma^ be found. 

18. Ores qf titanium. Consult Gregor, in Journ* de Physique, 
xxxix. 72, i52; Klaproth, i. 496; and Chenevix, Nicholson^s Jour-* 
bal, y. 132. 

19. Orea of tellurium. See. Klaproth, ii. 1. 

20. Orea of tantalium,. Ann. de Chim. xliii. 276. 

21. Orea qf chromiM-ni, Vauquelin, Ann. de Chim. xxv. 

22. Orea of columbium. Hatchett, Phil. Trans. 1802. 

23. Ores qf fialladium and rhodium, WollastOB, Phil. Tr^s. 
1805. 

24. Orea of iridium and oamvrm. Tennant, Phil. Trans. 1804. 

25. Orea of cerium, Hisenger aild Berzelius, and Vauquelin, 
Nicholson's Journal, xii. 



/ 



SECTION VII. 

Analyaia qf Orea in the dry Way* 

To analyze, ores in the dry way,^a method which aiTords the most 
satisfactory evidence of their composition, and should always pre-* 
cede ^le working of large and extensive strata, a more complicated 
apparatus is required. — An assaying furnace, with muffles, cruci- 
bles, &c. is absolutely necessary. These have already been enu- 
merated in the chapter on Apparatus, and will be found described 
in the lE^xplanadon of the Plates. Much useful information re- 
specting the composition of minerals may, also, be gained from 
experiments with the blow-pipe. The most ample directions for 
assays of this kind are given in a Memoir by Haussman, in the 
43d volume of the Philosophical Magazine, and, by Gahn in the 
1 Ith vol. of Dr. Thomson's Annals,, p. 40. 

The reduction of an ore requires, frequently, previously roast- 
mg, tp expel the sulphur and other volatile ingredients: or this 
may be effected, by mixing the powdered ore with nitre, and pro- 
jecting the mixture into a crucible. The sulphate of potash, thus 

^ SeeHatchett's Analysis of the Cariothian Molybdate of Lead, Philoso- 
phical TraasactioDS, 1796; aad Klaproth, vol.'i. pao^es 534, 538/ 
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tbrmed) may be wafehed off, arid the oxide mail ht reserved for 
subsequetit experirtifehts. 

As tnany of the metals retain their 03tg6n 60 forcibly, that the 
ttppUcatioil of heat is incapable of expelling it, the addrtioii of in- 
flammable matter becomes expetlient. And, to ehabl6 the reduced 
jiartlclcs of tnetal to agglutinate and form 1 cbllfected mass, instead 
of j^cattered grains,* t^hich %tould othertrise liappen, some fusible 
Ingf^dietit miist be added, thr<>ugh ^hich, \vhen in fusion, the re- 
duced thttd ttity dfescfend, jiftd be collected at the bottom of the 
clnicible. Substances t^mt Jthst^ref both these purpwsfcs are called 
fiuxcB, The alkaline and earthy part of fluies serrfe adsd another 
end, vit, that of 6ombinihg with Any aCid which may be attached 
to A metal, fend which ifirould pt*etcnt its reduction if not separated. 

The ores of different metals, and different ores of the same meta{, 
require different fluXeii. To ofifer niies^ hbVcre^, for each indi- 
vidual case, would occupy to6 tliuch roohi ih thisi work: 1 shall, 
therefore, only state a few of thdse fluxes that al^ most genchdly 
applicable. 

The black Jlux is formed, by setting fire to a mixture of Onepart 
of nitrate of potash, and two of acidulous tartrite of potash; which 
afrords ati Iritiihatfe mixture of sub-carbonsite of potash, with a fine 
light Coal. White Jtudt: is obtained by projecting into a red-hot 
crucible equal parts of the same salts. Two parfe of muriate of 
• soda, previously dried in a crucible, one part of dry and powdered 
lime, one part of iluate of lime, and half a part of charcoal; or 400 
parts of calcined borax, 40 of lime, and 50 of charcoal; or, two 
parts of pounded and finely sifted gkss, one of borax, and half a 
part of charcoal, are all well adapted to the purpose of fiuxes. The 
ore, after being romsted, if neceaisary, is to be wtjll mixed with three 
or four times its weight of the flux, and put into a crucible, with a 
littlte powdet-ed charcoal over the ftuffac^. A cover must be Idled 
cfi^ ind the crucibfe e5tpo»ed to thfe faecesfedty heat in a Wind fu^ ' 
liatfe. Or^s df itbhj as bdhg difitcultly i»educed, fequire a yerj 
ititehsfe fife. Those ©f silvet* and lea^ arc metkllized by a lower 
htat. The metid is found at the bottoih of the crticiblcj in the 
form of A round butttin; 

Th^e volatile ntyetttlSj a^ tnetcufy, zincj arsfettlt, tfelliirium, and 
osmiuitt? it iis obviousi^ oUght tiot to be ti*eated ih th^ above raan- 
li^t", and require to bfe distilled with inHartifhable thfttters in ao 
eik«bfen ffetbrt. 

I^o^ mltttite in^trueti^fts rcspectit^g the titialysis of ev^ species 
of (Ore, both in the humid «nd di^y way^j I rtfer to the second vo- 
\xmt of m^. K!rWah*$ Mii^ehalogy^ and to a Trettiste on the Gene- 
rM PrlnciJ^les tif Chemical Analyiiis, twmslated from th« Fi^hchof 
Thfcnard, by Mr. M6i*rlcki VitHo^a eabcellent estamples, which 
lAfey be Studied trlth g'feat ladvaittagej toay be found in the essays 
of Vauquelin, dispersed through the Annates de Chimie; in those 
®f Mr. Hatchelt and Mr. Chenevix, ito the PhUosophical transac- 
tions; of Dr. Kl^nnedy, in Nicholson's Journal; and of Mr. Kiap- 
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roth, in the work already frequently referred to. It is only, indeed, 
by an attention to these, and to other models of chemical skill and 
accuracy, conjoined with practical imitation of them, that facility, 
or certainty, in the art of analyzing minerals can be acquired: and 
though general rules are, in this instance, of considerable utility, 
it is impossible. to frame any that can be adapted to the infinite 
variety which nature presents in the productions of tlie mineral 
Kingdom. . ^ 
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PART III. 



APPLICATION OF CHEMICAL TESTS A^JD RE-AGENTS TO VARIOUS 

' XTSEFUL PURPOSES. 



CHAPTER L 



METHOD OF DETECTING POISONS. 



W'h en sudden death is suspected to have been occasioned by 
the administration of poison, either wilfully or by accident, the tes- 
timony of the physiciaQ is occasionally required to confirm or in-« 
validate this suspicion. He may also be sometimes called upon to 
ascertain the cause of the noxious effects arising from the presence 
of poisonous substances in articles of diet; and it may therefore 
serve an important purpose, to point out concisely the simplest and 
most practicable modes of oj^aining, by experiment, the necessary 
information. ' » 

The only poisons, however, that can be clearly arid decisively 
detected by chemical means, are those of the 'mineral kingdom. 
Arsenic^ and corrosive sublimate,* are niost likely to be exhibited 
with the view of producing death; and lead and copper may be in- 
troduced undesignedly, in several ways, ihto our food and drink. 
The continued and unsuspected operation of the two last may often 
produce effects less ^dden and violent, but not less baneful to 
health and life, than the itfbre active poisons; and their operation 
'" -generally involves, in the pernicious consequences, a greater num- 
ber of sufferers. ' ' ! ' 

* I use the term anenic, instead of the more' piK)p^r one, drsenouft acid; 
and corrosive sublimate, for muriate of mevcury; because the former tenns 
are more generally understood. . ' . 
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SECTION!. 

Method qf discovering jirsen$c. 

■« 

When the cause of sudden death is believed^ from the symp- 
toms preceding it, to be tlie administration of arsenic^ the contents 
of the stomach must be attentively examined. To effect this, let 
a ligature be made at each orifice, the stomach removed entirely 
from the bpdy, and its whole contents washed out into an earthen 
or glass vessel. The arsenic, on account of its greater specific 
gravity, will settle to the bottom, and may be obtained separate, 
after washing off the other s ^ bis t atieea by repeated affusions of cold 
water. These washings should not lie thrown away till the pre- 
sence of arsenic has been clearly ascertained. It may be expected 
at the bottom «f the v^^asel in the form of a white powder, which 
must be carefully collected, dried on a filter, and submitted to ex^ 
periment. 

(A) Boil a small portion of the powder with a few ounces of dis- 
tilled water, in a clean Florence flask, and filter the solution. 

(B) To this solution add a portion of water, saturated with sul- 
phureted hydrogen gas. If arsenic be present, a golden yellow 
sediment will fail down, which will app.ear sooner, if a few drops 
of acetic acid be added. 

(C) A similar effect is produced by the addition of sulphuret of 
ammonia, or hydro^sulphuret of potash.* 

It is necessary, iiowever, to observe that these tests are decom- 
posed not only by all metallic solutiotis, b\it by the mere additioa 
pf any acid. But among these precipitatesy Dr. Bostock assures U9,t 
the greatest part are so obviously different as :pot to afford a proha- 
bility of being mistaken; the only two, which bear a close rcscni- 
blance to it, are the precipitate from tartarized. antimony^ and that 
separated "by an acid. In the latter, hSwever, the salpbur preserves 
its pepuUar yellow colour, while the arsenic pres^ta a deep ^»de 
«f orange; but np obvious circumstance of discrimination canh^ 
pointed out bet;weeii , the by dco-sulphurets of arsenic and of aati- 
monjf. Hence |^r» Bostock conoludes that sulphureted hydrogeu 
and its poijnpiannds perit our confidence only as collatend tests. 
Th^y discover arsenic with^r/e^deUcacy; sixty grsuns of water, to 
y,Mch one grain pnly of liqujd s^lphur^jt (h^drogvreted sulphuret?) 
had been added, was almost insj^antly JWdered com,pletely opaque 
by one 80th of a grain of thje white oxide of .arsenic in aolutioxL 

(D) To a little of the solution (A) add a single drop of a weak 
solution of carbonate of potash, and afterward a few drops of a solu- 
tion of si^Iphateof p,qpper. Tfhe presence of jgrsi^ic will be ipa«i* 



I . 



* See vol. i. page 3dft.> 
t Ediobui^h Medieal and Surgical Journal, v. 166. 
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fested by a yellowish green precipitate. Or boil a portion of the 
suspected ponder with a dilute soltition of pure potash, and. with 
this precipitate the sulphate of copper, when a similar appearance 
-will ensue still more remarkably , if arsenic be present. The colour 
of this precipitate is perfectly characteristic. It is that of the pig^- 
tnent called Scheele^s green.* To identify the arsenic with still 
greater certainty, it may be proper, at the time of makiftg the ex- 
periments oil a suspected substance, to perform similar ones, as a 
standard of comparison, on What is actually known to be arsenic. 
L.et the colour, therefore, produced by adding an dkaline solution 
of the substance under examination, to a solution of sulphate of 
copper, be compared with that obtained by a similar admixture (^ 
a solution of copper with one of real arsenic in alkali. 

The proportions, in which the different ingredients are employed. 
Dr. Bostock has found to have considerable influence on the dis- 
tinct exhibition of the effect. Those, which he has observed to an- 
swer best, were one of arsenic, three of potash (probably the subr 
carbonate or common salt of tartar,) and five of sulphate of coppei*. 
J^or inistance, a solution of one grain of arsenic, and three grains of 
potash, in tMro drachms of water, being mingled with another so- 
lution of five grains of sulphate of copper in the same quantity of 
water,' the whole was converted into a. beautiful graks green, from 
T^hich a copious precipitate of the same hue slowly subsided, 
leaving the supernatatit liquor transparent and nearly colourless. 
The same materials, except with the omission of the arsenic, be- 
ing employed in the same manner, a delicate sky-blue*resulted, so 
different from the former, as not to admit of the possibility of mis- 
take. In this way, t>ne 40th of a grain of arsenic, diffused through 
sixty glrains of water, afforded, by the addition of sulphate of cop- 
per fpd potash in proper proportions, a distinct precipitate of 
Scheele's green. In employing this test, it is necessary to view the 
Auid by renected and not transmitted light, and to make the ex- 
amination by day-light. To render the effect more apparent, a sheet 
^f white paper ikiay be placed behind the glass in which the mixed 
fluids are contained.! 

(E) The sediments, produced by an^* of the foregoing experi- 
ments, may be toUected, dried,, and laid on red-hot charcoal. A 
smell of sulphur will first arise, and Will be followed by that of 
garlic. 

(F) A process for detecting arsenic has been proposed by Mr. 
Hume, of London, in the Philosophical Magazine for May, 1809, 
vol, xxstiii. The test, which he has suggested, is the fused nitratb 
of silver or lunar caustic, which he employs in the following man- 
nent 

Into a clean Florence oil flask, introduce two or three grains of 
any powder suspected to be arsenic; add not less than eight ounce - 

* See part i. chap, xix.sect. l6. f Lib. citat. p. 170. 

' I London Medical and Physical JonrDal, xxiii. 44B. 
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measures of either rain or distilled water; and heat this'.^raduallf ' 
over a lamp or a clear coal fire^ till the solution begips to boil * 
Then, while it boils, frequently shake the Hask, which may be 
readily done by wrapping a piece of leather round its neck, or 
putting a glove upon the hand. To the hot solution, add a grain 
or two of sub-carbonate of potash or soda, agitating the whole to 
make the mixture uniform* 

In the next place, pour into an ounce phial or a sm.all wine 
g^lass about two table spoonfuls of this solution, and present, to 
the mere surface of the fluid, a stick of d^y nitrs^te of silver or 
lunar caustic. If there be any arsenic present, a beautiful yellow 
precipitate will instantly appear, which will proceed from the 
point of contact of the nitrate with the fluid, and settle towards 
the bottom of the vessel as a flocculent and copious precipitate. 
. The nitrate of silver, Mr. Hume finds, also, acts very sensibly 
upon arsetiate of potash, and decidedly distinguishes this salt 
from the above solution or arsenite of potash; the colour of the 
precipitate, qccasioned by the arsenate^ being much darker and 
more inclined to brick -red. In both cases, he is of opinion that 
the test of nitrate of silver is greatly superior to that of sulphate 
of copper; inasmi^ch as it produces a much more copious precipi- 
tate, when equal quantities are submitted to experiment. The 
tests he recommends to be employed in their dry state, in prefer- 
ence to that of splution; and that ^he piece of salt be held on the 
surface only. 

A modified application of this test has since been proposed by 
Dr. Marcet, whose directions are as follow. Let the fluid, sus- 
pected to contain arsenic, be filtered; let the end of a glass rod, 
wetted with a solution of pure ammonia, be brought into contact 
with this fluid, and let the end of a clean rod similarly wetted with 
solution of nitrate of silver, be immersed in the mixture. If the 
minutest quantity of arsenic be present, a precipitate of a bright 
yellow colour inclining to orange will appear at the point of con- 
tact, and will readily subside to the bottom of the vessel. As this, 
precipitate is soluble in ammonia^ the greatest care is necessary 
not to add an excess of that alkali. The acid of arsenic, with the 
same test, ?iffords a brick-red precijpjitate.* — Mr. Hume, it may be 
added, now prepares his test by dissolving a few grains, say ten, 
of lunar caustic in nine or ten times its weight of distilled waten 
precipitating by liquid ammonia; and very cautiously adding liquid 
ammonia, till the precipitate is redissolved, and no longer. To 
apply this test, nothing more is required than to dip a rod of glass 
into this liquor, and apply it> to the surface of a solution supposed 
to contain arsenic, which will be indicated by a yellow precipitate. 
Mr. Sylvester has objected to this test, that it will not produce 
the expected appearance, when common salt is present. He has, 
therefore, proposed the red acetate of iron as a better testofarse- 



*JM[ed. Chir. Trans, ii. 156. 



lik^' WitiV if^Mith ii(b^nA9 ^W^W 3i<ellblir/de^d8h;iop thb acetji;te of 
<!op|^«rS'Whi«h aifo^d^ « gr«efi¥^fm^itate> Of 'the' tivoy he teoom-. 
i^eati fh^lil^i^ih ffi>elf6t«»te|siibot adifl^ tiotiii^ shduld bepe*^ 

th^ obj^tk)!! lii^ifY^ 'fti^t»' the' prkatm:^ 6f oofnmon^&ak isieasilyi 
dl3hdl^t00;' ib^^lf'aiittle^idilimb' mumtilo'a^ddi'be uddad tovtfab sub4 

p^ed^tet^^ti^iitfetfythift liltiriSauc bat thd^ 

af^t^e 'ivpi t^i^iSin in Mxktiani « $»d t this' ttddit ioli^df '^mnvooiii •witi' 
p^od(!6^ tbfe-' y^low 'pretiipMte in ^ ii»' bha]mcte|iG)'fdnn. It U> 
sxietre^ly infece^iEii^ to' ad^ ^at' the>4^2rtitief' of >aili<mom» mustbe^ 
^€fic$«kitW iM^UFftte auiy^«x«lE(s6't>f'm€#it^^id' Which} dk9e:ftuid ma^ 
contain.t . "^ 

' A ii[iOi«^l^pi)Msin« 6b^(Mdn'to^ia«ntte^bf siM acf ai test of ar$)e- 
liic is^fhat'tt JEi€brds,'with'the alkaHno pho^hates^^ precipitate ro^ 
^bsphme'df silver, s€aredf ^stiiiguii^bte by ittbolourfroiia'the 

" Ktsenite of tav^t tnetal'.f' Iti iimwer t^ » this^ ' it> is^ alleged b$r <!^ir,t 
RtirAe^ that thie «irfteh]!t&of ^ilverfefiay be'di^criminatedibya curdy! 
or flocculent figure, resembling that of fresh precipitated niilriate 
df siHt^fi^tiitpt ttiat itg colour is yetkAv; while the phosphate! i^ 
smooth aiiid4iomeigbAcdtt^. ' ' The ^bener to discriminate these twor 
aff^etiite^v he''sidvi's^'tM^b' pa^ldl jdxperimdiitsio be mads^ upoir 
9^^fat€'^ettf^^fit\^ti ^ndtHrf)^ p^Epery spre^dhKg on thei oive a lit-t^ 
tie of the fresh prepared arsenite, and on the other a lilitkf of th^. 
photfphute. Whenthfescj'tfrw $uBe«d'>to dry, the phosphate will 
gifadtiall^ a^«^me a '"blak::!!' «oloiit{ &t aeteiHy do, while the arsenite 
wflF pais' from' Itsi'^figinal' vi^idyeftle^ to» an Indian yettew^ or 
neAriy a^ffeMi colOttK ■ ' • •• '•••'• '■'*■- ...••■•-."* .; 

(G) But th6 nfrost'deUsw^ mbde of det^rtili|iing the |)i^esencv 
of arsenic, (which, though not absolutely indispensable, should 

' always be resorted to, when 'the -snspected sdbstance can be ob- 
tained in sufficient quantity^ is by reducing it to a metallic state; 
for its characters arc then tlear arid ' Unequivocal. For this pur- 
pose, let a portion of the white sediment, collected from the con- 
tents lof the stomach,* be dried 'and hs^ixed with three times its 
weight of black flux (see p. 120); or i/f this cannot be procured, 

' witl^ twt> '• pa/i^i '■ of' v^ry ^^ ctirboncrte o0 -pc^cash \ (the aalt^of tariar 
of'^e shops,)' and dne of pomfderM chavdoatl^ ^Dr. Bostook iiiidsi 
that for this mi^euneWe may>adva<iitage6Qs]y stibstitute pne con|^ 
posed df half^ grain >of dhai«co^, and i two'dnips ofi oil^ tb a gram 
of the'^edkAent; 'Pt^cure<a tut^e- eiglvt opdiinedircHes tojigvand' 
dne'fe^yih d^ one fiix«fel of ati4iiclv«#diamcAiei^^io€ thsnglasB^ seitedf 
hermetically at one end. Then put into the tube ^thi^. mixture ofi 
i^e^ pdw^^'afnd its Aclx, atid-if^aiif Should aldfhere^ta the ix|ner Atr- 
ftiee, let k'be«wii)ted^off byaiba^^r^ si> thdt tfte inner surfitceo^ 
the upper part* of ^e t^e^thaybe^qiiitb mitzcd and di^. ^ Stop the 

' ''^SSHhthr^Atfrn^OSi'- '•' -'y '"•• 'tf>liil^Magvxli4l(24v .• • ^ . ' 

^^fJMMjgum^Aaak^YlikiiitBfi'y r. imadi aodjPh5)9/Joinnir^m:.>18ia< 
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end of the tube loosely, with a little papier, and heat the sealed 
end only, on a chaffing-dish of red-hot coals, taking care to avoid 
breathing the fumes. The arsenic, if present, will rise to the upper 
part of the tube, on the inner surface of which it will form a thia 
brilliant coating. Break the tube, and scrape off the reduced me- 
tal. Lay a little on a heated iron, when, if it be arsenic, a dense 
smoke ^will arise, and a strong smell of garlic will be perceived. 
The arsenic may be farther identified, by putting a small quantity 
• between two polished plates of copper, surrounding it by pbwder- 
ed charcoal, to prevent its escape, binding these tightly* together 
'by iron wire, and exposing them to a low red heat. If the in- 
cluded substance be arsenic, a white stain will be left on the 
copper. 

(H) It may be proper to observe, that neither the stain on cop- 
per, nor the odour of garlic, us produced by the white oxide of 
arsenic, when heated without the addition of some inflammable 
ingredient. The absence of arsenic must not, therefore, be infer- 
red, if no -smell should be occasioned by laying the white powder 
on a heated iron. 

Dr. Black ascertained, that all the necessary experixneots, ht 
the detection of arsenic, may be made, on a single grain; of the 
white oxide; this small quantity having produced, when heated in 
a tube with its proper flux, as much of the metal as clearly estab- 
lished its presence. ' . 

If the quantity of arsenic in the stomach should be so smalli 
which is not very probable, as to occasion death, and yet to re- 
main suspended in the washings, the whole contents, and the wa- 
ter employed to wash them, must be filtered, and the clear liquor 
assayed for arsenic by the tests (B,) (C,) (D,) and (E.) 



\ SECTION IL 

Discovery of Corrosive SubUmate, 

CoRHOsivE sublimate (the muriate of mercury,) next to arsenic, 
is the most virulent of the metallic poisons. It may be collected 
by treating the contents of the stomach in the manner already de- 
scribed; but as it is more solpble than arsenic, t;2z in about 19 times 
its weight of water, no more water must be employed than is 
barely sufficient, and the washings must be. carefully preserved 
for es^amination. 

If a powder should be collected, ^by this operation, which 
proves, on examinf tion, not to be arsenic, it may be knoWn to be 
corrosive subliiriate by the following characters: 

(A Expose a small quantity of it, witliout any admixture, to 
heat in a coated glass tube, as directed in the treatment of arse- 
lue. Corrosive sublimate will be ascertained by its rising to the 
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top of the ti^e, lining the inner surface in the form of a shining 
mrhite crust. \ . 

(B) Dissolve another portion in distilled water; and it inay be 
proper to observe how much of the s^lt the water is capable of 
taking up. 

(C) To the watery solution add a little lime-water. A precipi- 
tate of an orange yellow colour will instantly appear. 

(D) To another portion of the solution add a single drop of a 
dilute solution of sub-carbonate of potash (salt or tartar.) A white 
precipitate will appear; but, on a still farther addition of alkali, an 
orange-coloured sediment will be formed. 

(£) The carbonate of soda has siitiilar efrec||. , 
, (F) Sulphureted water throws down a dark -coloured sediment> 
which, when dried andstrongly heated, is wholly volatilized^ without 
any odour of garlic* 

For the detection of corrosive sublimate, Mr. Sylvester has re- 
commended tlie application of galvanism, which exhibits^ the mer- 
cury in a n^tallic state. A piece of zinc wire, or if that cannot 
be had, of iron wire about three inches long, is to be twice bent 
at right angles so as to resemble the Greek letter n. The two 
legs of this figure should be distant about the diameter of a com- 
mon gold wedding-ring from each other, and the two ends of tfaie 
bent wire must afterwards be tied to a ring of this description. 
Let a plate of glass, not lesg than t^ree inches square, be laid as 
•nearly borizontc^l as possible; and on one side, drop some sulphuric 
acid, diluted with about six times its weight of water, till it spreads 
to the size of a halfpenny. At a little distance from this towrards 
the other side, next drotp some of the solution supposed to contain 
corrosiye sublimate, till the edges ^f the two liquids join together, 
and let the wire and ring prepared as above be laid in such a way 
that the wii*e may toudi the acid, while the gold ring is in contact 
with the suspected liquid. If the minutest quantity of corrosive 
sublimate be present, the ring in a few minutes will be covered 
with mercuT^ on the part which touched the fluid* 

The only mineral poison of great virulence that has not been 

mentioned, and which, from its being little known to act as such, it 

•i» very improbable we should meet with, is the carbonate of barytes. 

-This, in the country where it is found, is employed as a poison for 

rats, and there can be no doubt would be equally destructive to 

human life. It may be discovered by dissolving it in muriatic 

achl^ and by the insolubility of the precipitate which this solution 

yields on adding sulphuric acid, or sulphate of soda. Barytic salts, 

if these have been the means of poison, will be contained in the 

water employed to wash the contents of the stomach, and will be 

det(3cted, on adding sulphuric acid, by a copious precipitate. 

It may be proper to observe, that the failure of attempts to dis« 
cover poisonous substances in the alimentary canal after death, is 
by no means a sufficient proof that death has not been occasioned 
by poison. For it has been clearly established, by experiments 
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that no traces of it shall be found, and yet that death ffi[iB^< ensd* 
frORitheitdlunmetiimiwHicliitbaAtfiixoitjed!^ ! .> T. ..i.. •; ; 



Copper and lead sometUiMSiflaUil ^dmisfiion.inU>jarAicle«iQf &od^ 
in consequence o&;jdifi i entxloynient 'df kltcbcci 1 lUttxtsils. <kf itb^se 

^ Ij If/g6pR£:E.Jbe sti^cto^od^n &»x ^i^Uor^itBiipalBfleiicAJ^ 
certained by adding a solution of pure ammonia^lwhidh wiilBtnke 
abaautifui i>IU««^ colt/urwMlf/fthft soiia^aiWlvei^ itlniftTi be 

concenHraitfidfiby 'XYlap<dfB^ioB{(a»A;i^ tberUifUiOrlqciRtaik) WjtfxtsA^smb 
ble> excess .'ofi aici()^!like>ti]aAtlus«dtli9 |^esfi)cnr.^^pieliljed^ia&miicli«<if 
theialkaliimcistbeia^ifed as;is niose-ithaiii'OUiBfijstetitit&.saftiifMisftke 
acid; \k \\iv&^%AiisiX\..Kx^b!!^^e^^ 

flhooldbe viewed; b>^r»fkct^,^ and itK)t<by>traiii!ini^^ ^ . i 

* IL ,Lk&A9 is<acc8isiim«li)r £(ftund^>i3 sufficient ic^aaoiaily^^^ib^ in]m 
jriouB to h^aiysi^ in! wrfktetn that h^ > ibetfiil kl&pt4i»J€iad}«» /v»9«els>:«id 
4x>mednueb ,eTen|iD puibp iwatel'^ in ckinjM4uenqe^l,<lhEb met{|l beini 
stsedi in. th«i constimtctictn of . ^the tpum»p«> i ^ lAc^e^teU^ i^\ J«sd ( liafi «bo 
been. J^iovrn. ^o bcr.fraud^lesytl^j addc^ |Qi>ad«ifl^)^vMfitbrtiiJB tior 
df /conoealing 'tbtdn. djsfecjds. ' . ■ t .* , i > : a. . ^ i : r. • , -, ; i ( f.^ ( i. ^ > ;j :. ;.«•..'<.» 
(i: Lead losiy bajdifiecn^eped >by» adding A«i^ a fpotJtjR^toCtii^ aiiM|>6ctdd 
.waHev; abom half fa bwlikolfi teeter inapri9gtia1^.wiitlbt«»il^ 
tiydrogpei&^as.i If ^eiadvbelipp€8to«fit:<^l]k;b^rifiimifie8ted>l^^ 
Imirsm^ «3r bls^^sb^4|ngc(«' MT<his,tas4^a8f$D idQUoa((<s^l^)M watdr w^ 
tdeoBcd byithe'Icadiiep iFormofa lS1tin4tub^i&[SiiIlS]b]9f>(«ffQcb^ b^^ifr. 
St is a^ oiLfetticted by < a isimiliir efiSect^^suiilg pa'l^ (f dditioxt ofifub 
phuret of ammo];}fiiijyj6r>|ti0Uiiahi!;-M <1 ,'!!"/ j?j.m -.lii r»o,,- 1.- ■ \\: ^ w/ 
/ 1> irh)e><i^ain^el£iicy>o£ ^a vmeth^^howfi^ diacotwlrjf of 

.^^i^imknite/jquiantities: of) M^^»bflia^ tbeso iM r«isidel>hy Ihfiiesperir 
ittenU<i)rDri.Ii.ahkbe^)*tith«<autbQir>o£jal8lci^ 
'q£ Leahiiigten iFi^kiii^jOQai^tWaiiv^ 

imination^iio! h%» dqtocMl («be^riKioni>e<<if kdili ki sevcfiral fcpmg^- 
li'Bterfi^ (tfaalt niapiibGit no d^g^oR «ihe iadditi^A/of ttbe aillpbi^tftid 
<test;rted:<has': fotmdtbatiDKt^l ii|;tb» ^irbc^&taliiy^'ifepiaJ-atti^d inm 
«9ii^ wa^crfebythe ioaii]Oii0t&Qf>plftlaAboDi^lS9^ «^eAtii^ 

«(hrtAiesle watcffs^I^.lJLamb«tnoti<UidtiiipfoH«fw ' 

00 (l^) The (frfeat'famisiisoitnetiiivea' a ddrkl^ol^ud^ iisiithi^iJift precir 
pitatec> afiedtedi • IbyuaikalkB, ^bieb hals • >lile)£in<^i^fdiila(»ljKo4 'iat lutrk 

f: * See bi« <<^;B#efeait^M into tl)^Pi^l^l<eC«^f«9«K 
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(6) Though it forfQS/ki o^eb cases, no cloudy ^ae precipitate 
Itself becomes darketied by the sulphureted test. 

(c) The test forms a white cloud, treated irith the precipitate as 
in (a); These two appearances may be united. 

(</) The test neither forms a cloud, nor darkens the precipitate. 

{e) In the cases (A), (c), (</), heat the precipitate in contact with 
an alkaline carbonate,* to redness; dissolve out tlie carbonate by- 
water; and treat the precipitate as in (a). The sulphureted test 
then forms a dark cloud with the solution of the precipitate. In 
these exp^im'ents, it is essential that the acid, used to re*dissolve 
the precipitate, shall not be in excess; and if it should so happen, 
that excess must be saturated before the test is applied. It is bet- 
ter to use so little acid, that some of the precipitate may remain 
undissolved. 

(/) Instead of the ]m>cess (e) the precipitate may be exposed 
without addition, to a red heat, and then treated as in (a). In this 
case, the test will detect the metallic matter; but with less certain-' 
ty than the foregoing one. 

The nitric acid, used in these experiments, should be perfectly 
pure; and the test should be recently prepared by saturating water 
with sulphureted hydrogen gas. 

Another mode of analysis, employed by Dr. Lambe, ccmsists in 
precipitatisig the lead by muriate of soda; but as muriate of lead is 
partly soluble in water, this test cannot be applied to small portions 
of suspected water. The precipitate must be, therefore, collect* 
ed, from two or three gallons, and heated to redness with twice its 
weight of carbonate of soda. . Dissolve out the soda; add nitric 
acid, saturating any superfluity; and then apply the sulphureted 
t,e8t. Sulphate of soda would be found more effectual in this pro* 
cess than the muriate, on account of the greater insolubilit]^ of sul- 
phate of lead. This property, indeed, renders sulphate of soda an 
excellent test of the presence of lead, when held in solution by 
adds, for it precipitates that metal, even when present in veiy 
small quantity,' in th^ form of a heavy white precipitate, which is 
not soluble by acetic acid. 

The third process, which is the most satisfactory of all, and is. 
very easy, except for the trouble of collecting a large quantity of 
precipitate, is the actual reduction of the metal, and its exhibition 
in a separate form. The precipitate may be *mixed with its own 
weight of alkaline carbonate, and exposed either with or without 
the addition of a small proportion of charcoal, to .a heat sufficient 
to melt the alkali. On breaking the crucible, a small globule of lead 
will be found reduced at the bottom. The precijUtate from about 
fifty gallons of water yielded Dr. Lambe about two grains of lead. 

For discovering the presence of lead in wines, a test invented 
by Dr. Hahnemann, and known by the title of Hahnemann's wine- 
test, may be employed. This test is prepared by putting together, 
into a small phial, sixteen grains of sulphuret of lime, prepared in 
the dry way (by exposing to a red heat, in a covered crucible, equal 
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Weights of powdered lime and sulphur, accurately mixed,) and 30 
grains of acidulous tartrice of potash (cream of tartar.) The phial 
is to be filled with water, well corked, and occasionally shalien for 
the space of ten minutes. When the powder has subsided, decaat 
the clear liquor, and preserve it, in a well-stopped bottle, for use. 
The liquor, when f;*esh prepared^ discovers lead by a dark colour- 
ed precipitate. A farther proof of th« presence of lead in wines b 
the occurrence of a precipitate on adding a solution of the sulphate 
of soda. 

The quantity of lead, which has been detected in sophisticated 
wine, may be estimated at forty grains of the metal in every fiftjr 
gallons.* 

When a considerable quantity of acetate of lead has been taken 
into the stomach (as sometimes, owing to its sweet taste, happens 
to cliildren,) after the exhibition of an active emetic, the hydro- 
sulphuret of potash or of ammonia may be given; or a solution of 
the common sulphuret. 

Mr. Sylvester has proposed the gallic acid as an excellent test of 
the presence of lead.t 

In cases of the accidental swalloifing of sulplftiric acid, which 
also sometimes .happens to children, M. Fourcroy recommends 
the speedy administration of a solution of soap, or a mixture of 
carbonate of magnesia or carbonate of lime (common chaik) with 

water.f 

Oxalic acid has lately, in several instances, been taken by mis- 
take for Epsom salt, and has invariably proved fatal. We have no 
experience of the best antidote to lx§ effects; but it is probable that 
this would consist in the immediate administration of carbonate of 
magnesia, or, if neither of these be at hand, af chalk or whitening 
of calcined magnesia* At the same time, it will be proper to dilute 
the contents of the stomach by drinking copiously, and to endea- 
vour to excite vomiting by tickling the throat With a feather. These 
measures should be employed with the utmost promptitude; ibr 
the deleterious action of oxalic acid appears to exceed in rapidity 
even that of arsenic. 



I ^ CHAPTER 11. 

RULES FOR ASCIiRTAINING THE PURITY OF CHEMICAL PREPARATIONS, 
EMPLOYED FOR THE PURPOSES OF MEDICINE, AND FOR OTHER USES. 

•J,,-^Sulfihuric Acidf^^^cidum Sulfthuricum of the London Phar- 

maco/iaiaf^^Oil of Vitriol. 

The Specific gravity of sulphuric acid should be 1.8485, at 60^ 
Fahrenheit; when stronger, there is reason to suspect the presence 

* liambe, page 175. f 33 Nicholson's Jonroal, 310. 

t SjstSme, vol. i. page 340. 
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of sulphate of lead) or other impurities. It should re^airi per-. 
fectly transparent when diluted with distilled water. If a sediment, 
occur, on dilution, it is a proot of the ptresence of sulphate of lead. 

Iron may be detected in sulphuric acid^ by saturating a portion 
of the diluted, acid with pure carbonate of soda, and adding prus* 
siate of potash,, which will manifest the presence of iron by a Prus- 
sian blue precipitate; . or it will be discovered by a purplish or 
blackish tinge, on the addition of tincture of galls to a siinilarly 
saturated portion. Copper may be discovered, by pouring, into a 
similarly saturated solution, purp solution of ammonia, which turns 
it -blue; and lead may be detected by the sulphujet of ammonia, 
which causes a black precipitate. The latter metal, however, is 
for the most part thrown dpwn on diilution, in combination with 
sulphuric acid. 

Sulphate of potash or of soda may be found by saturating the 
diluted acid with ammonia, evaporating to dryness, and applying a 
pretty strong heat. The sulphate of ammonia will escape, and that 
of potash or of soda will remain, and may be distinguished by its 
solubility and other characters.* '^ . ^ . 

1I»^-' JVitrif and JVttroua Acids-ir^Acidum JS/'itricuniy P, L.'^Aqua 

' Fortis. 

The nitric acid should be perfectly colourless, and as limpid as 
'Water. It should be preserved in a dark ^lace, to prevent its con- 
version* into the nitrous kind. 

These acids'are most likely to be adulterated with sulphuric and 
muriatic acids. The sulpuric acid may be discovered by adding to 
a portion of the acid, largdy diluted, nitrated or muriated barytes, 
which will occasion, with sulphuric-acid, a white and insoluble pre-. 
' cipitate. The mltriatic acid may be ascertsdned by nitrate of silver^ 
which afibrds a sediment, at first white, but which becomes colour- 
ed by exposure to, the direct light of the sun. Both these acids^ 
however, may be present at once; and,, in this case, it will be ne- . 
cessary to ad^j|u)lution of nitrate of barytes, as long as any pi^e- 
cipitate fallsnvVKh will separate the sulphuric acid. Let the sedi- 
ment subside, decant the clear liquor, and add the nitrate of silver.. 
If a precipitate appear, muriatic^ acid may be inferred to be pi'e- 
sent also. Muriatic acid may, also, be detected by addijig a solu- 
tion of sulphate of silver. , 

These acids in their most concentrated state should have the 
specific gravity of 1.500; but they are seldom foivd so heavy. 

VLl.'^MuriaHc Acid^-^Acidum MuriaHcum^ P. L.-^Sfiirit qfSalf. 

This acid gen^Uy contains iron, which may be known by its 
yellow colour; the pure acid, being perfectly colourless. It may 

* See vol. i. page 272. 



3&s> Dvn^rw»*o9ia>vfn!mmn!^^i- amA.nm^ 

amiiWfii^'iiul^liiKtc'aGid.-' ^ -•' * ' ■- ;.•■" ^^ ><// ^^m,. :.. ;.(j /,.-. 

solution of (be ftforiaie of baryttsi » i >;.*.. ^ ., ^ i ) , l . ) . , 
Tbe specific: gravity «if;tl>i9<lt id should 'be lU?b; Thatpf emft- 
Vktv^^U g0n«rdjly -fram 1.1^10 hl^o^i and th(^ latter niumberde^ 
noted the- str^gfth of ifttid p^irefystred accordSng tb the bo»dbd Fiifau 
maeo)^(£ia* - ' - ' : ;.•; .-i.;.. >- ' 5.; ,, ^.- . ,. , ■> /- .' . 

This acid is often contan^inated by sulptiurous ajja sulpljiiric. 
acid.. Tlip i^r^st, n|^y be ,lifnpwp by. dra.wi^ a )itUe of the >?g?;^ur 
ii^to Jh^ lung^,. wh^^viiithaa^^ 6e.j^i|re, no ui^il^as|3pit sen^^uo^^ 
^xjll be^felt;,)[^t^ if ^i^lph^rou^^^ 

wjji notjfail. to bje.ciU§cpyere4ia,i4iis W^4^^^^ T^^ V^lp^H^^P.^^is; 
deteeted by raiiriated barytes; coppery bjr suf)e^rpatura^tiQ^ wj^jpiir^ 
ammonia; and lead, by sulphuret of amnionia. 
...The.speci^c g;rav.ity pf this acid shojold bjp 1.0$0 sit least;; ^t,jif> 
I "have already stated, its acidity does, not keep pace with its deQ- 



If yinegar be distilled in copper ves^lsy k^eaiii hardly faifiolb^ 
i^g cdtit^mihM6d'by that mle^ todj tf a l^adeiii worm^be irsed ibr 
its^ ^bhdetis^idn, s^Airte^ p€»kiM'df^i<&Ad><(Hit'eftitifiiiiy l^^dis^ 
T1i^ \ f^nnei^ ' m^t^r%?IP a^yp^ar' mi 'dtddiriig m^ okcessj df IsolutiMv^f 
p^i'e ^m^i^tmia; '^dld^d^Kill bie>d<dt6€j^^ by< «he siilp^Yiiiil0diairi<^ 

prec^di^l*' ch^pt^K)^' ' The' sti^iligfth of ^stilled viiie|^ae^t»ii^4a«« 
ooWittg tor Mi^i Rj PhiUi^^'to^'4>e^*«6fcbvtli«itw aaid*«w»p ahtriiW 
dei^omp6^<^B.8'graitMof'carboiiakt^<^Iitrf«.) >^ - : " . < />•/ •,: 

[lYis'norttT^UkK in iiyrdiM* tot|t^k«ettse the 
add sulpliiifi^ abidv TMs dtiid^^ri^y ^ir ijiii^ 
solutionis of fokfjne^,' Vrhichy vfhevk tiiMigar 4ii^ 'bd«aitbii8^^i^ticnh< 
tedj thrdw'dawti'-a't^hit^ p^^i|>lttit($i ..uifui r'<i.j.;.;,: oj'.ji.jD-,: ^ , :• 

Ylr^Boracic jicid^ — Sedative Sa^r*dflimii&¥^\ . . ^ . 1. 

Genujii;ieV^aqy;e^c^ should totally dis^olv^ f^ jBfye jtimei Us 
weight of boiling alcohol; and the solution, when setbnfirti,8hbul<f 

ei|iijt,» gKoen fla^i^- . T*^^ best.boi^ic aeid fonn^ ^^^ JjfP^S^Iff: 
scaly crystals of a shining silvery white colour, its specific gravity 

< ■* 

This acid often contai&s sulphurip acid; to discover which, let a 
portion be dissolved in water, ahd*^ sbfution of acetate of lead be 



tt* 



n^metmn of ADULTsnATioifSk 






69 



ftdded. A preeipitat0 wiK af^pear, whkb^ if the acid he pure, is 
entivelgr re-^ssalved bf a few drops of pure nitric acid, or by a lit- 
tle pure ac^c acid. If any portion remain undissolved) talpburic 
acid is the cause. Muriate of barytes, ahiOy when the acid is adul* 
terated with sulphuric acid) but not otherwise, gives a precipitate 
ineolubte by an excess of pure muriatic acid. 

Vllh—jitid of Amber. 

Acid of amber is aduherated> sometimes with sulphuric acid 
and its combinations; somedmes with tartaric acid; and at others 
with n^uriate of ammonia. 

Sulphuric acid is detected by seluticms of barytes; tariaric acid 
by the cautious addition of carbonate of" potash, whieh forms a 
di^ultty soluble bi->tartrate; and muriate of ammonia by nitrate 
of silver^ which discovers the acid, and by a soiutioa of pure pot- 
ash, which excites a a|feilg smell of amsaoaift. 

Pure acid of amb^is a crystalline white salt of an acid taste, 
soluble in twenty-four parts of cold or eig^t of hot water, and is 
volatilised, when laid on rednhat ivoii, without leaving any a^hes 
€ir other residue. 

.IX.— .^ctW ^f Senzemy^^cidum Menzoicum^ P. It. 

This acid is not very liable to adulteration. The best hat a bHl- 
liant white eolfeiur andii pecuHariy grateful smell. His soluble 
in a large quantity of boiling water or alcohol, and leaves no resi^- 
due when, placied on a heated imn. * r 

l*he salt Off tartap of tiie shops genendly contidns sulphate and 
Biuriate of potash, and eiUceous and ealcareous earths. It should 
dissolve entirely, if pure, in twice its weight ef cold water: and 
any thing that remains uncKsaolved may be regarded as an impu* 
rity. Sometimes one fourth of foreign mixtures laay thus be de- 
tected,, the greater part of which ie sulphate of potash. To v^ 
certain the nature of the adulteration, dissolve a port^n of the 
sediaaent in pure lAd' diluted nitric acid; the sUieetms ei^rth xnoly 
will remain undiasahred. Add, to oiie puet of the solution, ni&ate 
of bary t^ this wiU d^ect sulphate of pc^tax^h by a cji^^pui^ nreei- 
pitate. To another portion add nitrete Qf ^ver» which ^ill di;s- 
cpver muriatic 9;alts; and, to. a thi;rd, oxsd^t,e or fluate of ammonia, 
v^lch wiH detept carbonate of lime* 

The s^tion of s»b-€er)|Q|iate Qf potash {liquqv pqm^j^e 9.%h' 
tnrkonati8,y P. X«) may be examined in a similar nuomei*. 

This may be assayed, ibr jsulphmic and muriatic salts, by eatu- 
ra^en with nitric acid, and by the tests recommended in speaking 
of carbonatef of petash. A perfbctly pure solution of potasWshoukt 
remain transparent on tfeie. addition of barytic neater. If a precipi* 
tate should enftue,. which dissol^^es with effervescence in dilute 
m^urlatic acid^ it is owing to the pfesencc of c\irbonic sicid: jf the 
^ Vol. n>-3 A - 
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precipitate is not soluble, it indicntes solphurk acid. A redun- 
dancy of carbonic acid is also shown by an efiervescenee, on add> 
ing diluted sulphuric acid, and an excess erf lime by a white pre* 
cipitate, on blowing air from the lungs, through the solution^ by 
means of a tobacco-pipe, or a glass tube. 

This solution should be of such a strength, as that an exact 
wine-pint may weigh 15 ounces iroyt 

Xll.'r-' Sub-carbonate qf Soda^-^Soda Subcarbonaa, P,L. 

Carbonate of soda is scarcely ever found free from muriate and 
sulphate of soda. These may be discovered by adding, to a little 
of the carbonate saturated with pure nitric acid, ^t nitrate of 
l>arytes, to detect sulphuric acid, and afterward adding to the fil- 
tered liquor a few drops of solution of nitrate of silver, to ascer- 
tain the presence of muriatic acid; or the latter impurity will be 
indicated at once by a solution of sulphate ^f silver. Carbonate 
of potash will be shown by a precipitate ehiMkig on the addition 
of tartarous acid to a strong solution of the alkali; for, this acid 
forms a difficultly soluble salt with potash, but not with soda. 

XIII.-T^o/M//on of Carbonaie of Ammonia y^^Liguot; Ammonie 

Carbonafis^ P» X. 

This should have the specific gravity of 1.150; should effenresce 
on the addition of acids: and should afford a strong eoagulum on 
adding alcohol. 

XIV. -^Carbonate of Ammonia^'^AmmoniA Carbonasy P.L, 

This salt should be entirely volatilized by heat. If any thing 
remain, when it is laid on a heated iron, carbonate of potash or of 
lime may be suspected; and these impurities are most likely to be 
present if the carbonate of ammonia be purchased in the form of 
a powder. It should therefore always be bought in solid lumps. 
Sulphuric and Biuriatic salts, lime, and iron, may be discovered 
by adding to the alkali, saturated with nitric acid, the appropriate 
tests already often mentioned. 

X.V,-^ Solution of pure Ammonia in Water^-^IAquor Ammoni^j 
P. L.'^Stroffg ^irit of Sal Ammoniac. 

The volatile alkali, in its purest state, exists as a gas condensi- 
^ ble by water, and its solution in water is the only form under 
Which it is applicable to useful purposes. This solution should 
contain nothing besides the volatile alkali; the alkali should be 
perfectly free from carbonic acid, and should be combined with 
water in the greatest possible proportion. The presence of other 
salts may be discovered by saturating a portion of the solution 
with pure nitric acid^ and adding tlie tests for sulphuric and mu- 
riatic acids. Carbonic acid is shown by a precipitation on mixing 
the soludon with one of muriate of lime; for this earthy salt is not 
precjpiAed by pure ammonia. The experiment should he made 
in a closed vial; for the volatile alkali, by exposure to the air, 
quitkly gains carbctiic acid enough to become a precipitant of 
calcareotis solutionis. The best mode of determining the strength 
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of the soiu^B IB hf taking itH specific gravity^, which, at 60^ Fah- 
renheit, should he as 905, or thereabouts, to looo. That of the 
London Pharmacopo&ia (edit. 1815) has the, ^ecific gravity of 
0.960; and is, therefore, of very inferior strength. 

XVI.— i^^friV of Hartahotn, 

This may be counterfeited by mixing the aqua ammonia fiurk 
with the distilled spirit of hartshorn, in order to increase the pun- 
gency of its smell, and to enable it to bear an addition of water. 
The fraud is detected by adding alcohol to the sophisticated spi- 
rit; for, if no considerable coagulation ensues, t)ie adultei*ation is 
pjToved. It may also be discovered by the usual efTervesccnce hot 
ensuing with acids. The solution should have the speci&c gravity 
of 1 500. 

XVlh-^Sut/ihate of Soda^-^Soda SulfihoB^ P. L.-^Giauber'B Sale. 

This salt ought not to contain an excess of either acid or alkali, 
both of which may be detected by the vegetable infusions, p. 308, 
309. Nor should it be mixed with earthy or metallic salts, the 
former of which are detected by carbonate, and the latter by prus- 
siate of potash. Muriate of soda is discovered by adding nitrate 
of barytes till the precipitate ceases, -and afterwards nitrate of sil* 
ver, or more simply by a solution of sulphate of silver. Sulphate 
of pota3h is discovered by its mor& sparing 8o}ability. The sulr 
phate of soda, however, being itself one of the cheapest salts> there 
is little risk of its being intentionally sophisticated. 

XVllh-^Sulfihate qfPotafhy^PotaBsa Sulfthaa, P. L. — Vitriola- 

ted Tartar, 

The puiity of this salt <naf be ascertained by the same means 
as that of the former one. The little value of ^i« sak renders it 
pretty secure fi*om wilful adulteration. > 

XlX.-^JW/ra^f of Potashy-^Potaaaa Mtrasy P. L.^^Mtre or 

8alt Petrcs 

Nitrate of potash is, with great difficulty, fre^d entirely from 
muriate of soda; and a small portion of the latter, except for nice 
chemical purposes, is an admixture of little importance. To dis* 
cover muriate of soda, a solution of nitrate of silver must be added 
as long as any sediment is pipduced. The precipitate, washed 
and dried, must be weighed. Every hundred grains will denote 
about 42 j of muriate of soda* 

Sulphate of potash or soda may be discovered by nitrate or 
muriate of barytes. 

XX. — Muriate of Soday-^Common Saltm 

Common salt is scarcely ever found free from salts with earthy 
bases, chiefly muriates of magnesia and lime, which are contained 
in the brine, and adhere to the crystals. The earths may be pre* 
cipitated by carbonate of soda, and the precipitated lime and mag- 
nesia may be separated from each other by the rules giv^ in 
page 337. , . 
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^MtnoftioCm 

Tliis Tialt ouglit to be entirely volatilized, by a low beat, when 
laid on a heated iron. It sometimes contains sulphate of ammoniat 
however, whichy being also volatile, cannot be thus detected. To 
ascertain the presence of the latter salt, add the muriate or nitrate 
of barytes, which will indicate the sulphate by a copious and inso- 
luble precipitate. 

\Xll.'^Aeefaie^iPi»Unh^-^Pota99a Acetu9^ P» Z. 

Oemiitie acelate of potash i^ perfectly soluble in four times its 
weight of alcohol, atid ihliy thus be separaited from other salts that 
are insoktbl^ in alcohol. The tartrate of potash (soluble tartar) 
is the adulteradon most likely to be etnployed. This may be dis- 
cbvered by addmg a soltftbn of tartaric acid, which, if the sas- 
pected salt be present, will occasion a copious precipitate. The 
tartrate is also detected by its forming, w^th acetate of lead or mu- 
riate of barytes, a precipitate soluble in acetic or muriadc acid; 
and sulphates, by a precipitate with the same agents, insoluble io 
those acids, 

XXIH^^^AlBrlnr/ Tartrate^ PMaMk^^PotaM9€ TmrtarU^P, Z.* 

Thi^ %alt fth^ld icffbt^a ^f^ cdrpixytis precipitate on adding tar- 
tarous acid. Th^ only salt likely to be mixed wildi it is sulphate 
of soda, which mtif be detected by a precipitate Widi muriated 
barytes, insoluble in dUuted muriatic Ibdid. 

JiJLLV^^^jicidulouM Tartrate qf PatdBh^^PotaaMig Supertartra^ 

P^ L.^-^Crtam f/* Tartmr. 

Tht ionly substance Mfhh which this salt is likely to be adulte- 
rated is sulphate of potash. To determine whether this be pre- 
sent, pour, on about half an ounce of the powdered crjrstals, two 
or three ounce measures of distiNed water; shake the mixture fre* 
fuently, and let it stand one or two hours. 'The sulphate of pot- 
ash, being more soluble than the t^rtratOy will be taken up; and 
may be known by the bitter taste of the solution, and by a precipi- 
tate, on adding muriate of barytes, which will be insoluble in mu- 
riatic acid. 

XXV.— 'Com/^pzmtf Tartrate xtf Soda and Potauk^^^Soda Tartaric 
zatay P. L.-^Rocheile or Seignette'i Salt. 

^Sulp^tebf soda, the only salt with which this may be expected 
to be adulterated, is discovered by adding to a solution of Rochelle 
aalt the acetate of lead or InuriMe of barytes.—- The former, if the 
sulphate be present, affords a precipitate insoluble in acetous acid* 
and the latt^ one insoluble in muriatic acid. 

XXVl^-^SulJthate qf Magneaia^^^Magiieskt Sui/ihoMf P^ X.— • 

iEfiao^ Satt» 

Ttit»«alt Is very likely to be adulterated with sulphate of soda, 
or Glauber's salt, which may bf made to resemble the magneaian 
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s«lt in ftppemAce^ by ftdnitig^ it briskly at the moment ^hen it is 
about to cfystallize. The fhiud may be discovered very rieadiiy if 
tike salt consist entirely of the sulphate of soda, because no preci- 
pitation will ensue on adding carbonate of potash. If only a part 
of the salt be sulphate of sc^a, detection is not so easy, but may 
atill bd ftceomplisbed; for, since 100 parts of crystallized sulphate 
of magpoesia give between 35 and 36 of the dry carbonate, whcfti 
completely decomposed by about 57 of sub-carbonate of potash, if 
tire si^ under examina^on aUbrd a considerably less proportion, 
its sophistication ikiay be fairly inferred; or, to discover the sulphate 
of soda, precipitate all the magnesia by pure ammonia, with the 
aid of heat. Decant the clear liquor from the precipitate, filter it, 
>and, after evaporation to dryness, apply such a heat as will vola- 
tilize the sulphate of ammonia, when that of soda will remain fixed, 
and every 10 grains of the dry residue indicate about 22| of 
crystals. 

Mtimte of 'magnesia or 'of lime may be detected by the salt be- 
coming moist when exposed to the air, and by a prec^itation with 
nitrsited ttilv*er, after nitrate of batytes has Separated all the sulphu*- 
ric acid and magnesia, or by fumes of muriatic acid arising on thte 
-additionof a littje sulphuric acid. Tiiese, if in very small quantity, 
vnW be made 'apparent by a 'stopper moistened with liquor of am- 
4mmia. lAme is diiBcovisrable by a white precipitate on 4^ addition 
of liquid carbonate of ammonia* 

JLKVll.'^Sulfihate of Muminef^^Jlum. 

Perfectly pure alum should contain neither iron nor copper. 
The former is manifested by adding, to a solution of alum, prus-. 
siate of pcftash, and the latter by any excess of pure ammonia. 

Borate of soda, if adulterated at all, will probably be so with alum 
or fused muriate of soda. To discover these, borax must be dis- 
solved in water, and its excess of alkali be saturated with nitric 
acid. Nitrate of barytes, added to this saturated solution, will de- 
tect the sulphuric salt, and nitrate of silver the muriate of soda. 

TLJityi.^^&ulfihate of trony^Ferri SulfiAas, P. L. — Oreen VUrioL 

If this salt should contain copper, which is the oi^ly admixture 
likely to be found in it, pure ammonia, added till a precipitation 
ceases, will afford a blue liquor. Any copper that.may cliance to 
be present, may be separated and the salt purified, by immersing 
iii' a solution of it a clear polished plate of iron.. 

XXX.-^G^«« qf Antimony. 

A lavge quantity of glass ni4t4ui was lately introduced into the 
London market, as glass of antimony. To discover this criminal 
imposition, whenever it may be practised, the following distinctive 
characters of the two substances have lately been described by 
Mr. Luke Howard.* ' 
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Glats of antimony hto a rich brown or reddish colour, with the 
usual transparency of coloured glasses. The glass of lead is of 
a deeper and duller colour against the light; is much less traaspa- 
rent; and even in some samples^ quite opaque. 

The specific gravity of the true never exceeds 4*95; that of the 
spurious or lead glass is 6.95; or, in round numbers, their compa- 
rative weights arc as 5 to 7. ^ 

Let twenty grains be rubbed line in a glass mortar, adding half 
an ounce of good muriatic acid. The titie dissolves with an hepa- 
tic smell; the solution is turbid but has no sediment. The spurious 
turns the acid yelloW, giving out an oxymuriatic odour, and leaves 
much sediment. 

Let a little of each solution be separately drppped into water. 
The true deposits oxide of antimony in a copious white coag^ulumj 
or, if the water has been previously tinged with sulphuret of am- 
monia, in a fine orange precipitate. The spurious gives no pre- 
cipitate in water, and, in the other liquid, one of a dexk brown or 
olive colour. . , * 

A solution of the spurious in 'distilled vinegar has a sweet taste, 
together with the other properties of acetate of lead. 
, A very small mixture of the spurious may be detected by its de- 
basing, more or less, the bright orange colour of the precipitate 
thrown down by the sulphuret of ammonia from the solution ia 
any acid. 

The saiAples of the spurious, hitherto detected, are of a much 
thicker and clumsier cast than the genuine; but the appearance is 
not to be trusted and no specimen should be allowed to pass with- 
out a trial either of the specific gravity or chemical properties. 

XXXI.— Jbr^nrf zed Antimony ^-^Antimonium Tartarizatuniy 

P. L, — Emetic Tartar • 

A solution of this salt should afiford, with acetate of lead, a pre- 
cipitate perfectly soluble in dilute nitric acid. A few drops of the 
sulphuret of ammonia, also, should immediately precipitate a gold 
coloured sulphuret of antimony. 

XXXIL— ilfttr/arc of Mercury y — Hydrargyri OxymuriaB^ P. L. 

Corrosive Sublimate* 

If there be any reason to suspect arsenic in this salt, the admix- 
ture, (which, however, is not likely to be practised except with the 
intenti6n of it^ acting as a poison) may be discovered as follows: 
Dissolve a small quantity of the sublimate in distilled water; add a 
solution of carbonate of ammonia till the precipitate ceases, and 
filter the solution. If, on the addition of a few drops of ammoniated 
copper* to this solution, a precipitate of a yellowish green colour 
is produced, the sublimate contains arsenic. 

XXXIII. — Sub^muriate of Mercury^ — Hydrargyri Sub-muria^^ 

P. i. — Calopei. 

Calomel should be completely saturated with mercury. This 
* Prepai ed by digesting a little vcrdegrtis in the ediutioB of pure uammi^ 
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may be asciBrtaineil by boiltng^ for a few minutes, one part of calo- 
in el with one 32d part of muriate of ammonia (sal ammoniac) in- \0 
parts of distilled water. When carbonate of potash is added to the 
filtered solution, no precipitation will ensue if the calomel be pure. 
This preparation, when rubbed in an earthen mortar with pure am- 
monia, should become intensely black, and should exhibit nothing 
of an orange hue. 

XXXIV.— *Aferc«rt/, or Quicksilver^ — Hydrargyrus^ P, L, 

Scarcely any substance is so liable to adulteration as mercury, 
owing to the property which it possesses of dis^solving completely 
some of the baser metals. This union is so strong, that they even 
rise along with the quicksilver when distilled. The impurity of 
mercury is generally indicated by its dull aspect; by its tarnishing 
and becoming covered with a coat of oxide, on long exposure to 
the air; by its adhesion to the surface of glass; and, when shaken 
with water in a bottle, by the speedy formation of a black powder. 
Uead and tin are frequent impurities, and the mercury becomes 
capable of taking up more of these if zinc or bismuth be previously 
added. In order to discover lead, the mercury may be agitated 
with a little w^ter, in order to oxidize that metal. Pour off the 
water, and digest the mercury with a little acetous acid. This will 
dissolve the oxide of lead, which will be indicated by a blackish 
precipitate with sulphureted water. Or, to this acetous solution, 
add a little sulphate of soda, which will precipitate a sulphate of 
lead, containing, when dry, 72/ier cejit, of metal. If only a very 
minute quantity of lead be present, in a large quantity of mercury, 
it may be detected by Solution in nitric acid and the addition of 
sulphureted water. A dark brown precipitate will ensue, and will 
subside if allowed to stand a few days. One part of lead may thus 
be separated from 15263 parts of mercury.* Bismuth is detected 
by pouring a nitric solution, prepared without heat, into distilled 
water; a white precipitate will appear if this metal be present. Tin 
is manifested, in like manner, by a weak solution of nitro-muriate 
ef gold, which throws down a purple sediment; and zinc, by ex« 
posing the metal to heat. 

XXXV.— i2^rf Oxide of Mercury <f^Hydrargyri Oxydum Ru^ 

This substance is rarely found adulterated, as it would be diffi- 
cult to find a substance well auited to this purpose. If well pre* 
pared, it may be totsdly volatilized by heat. ' 

XXXVI. — Red Oxide of Mercury by Mtrit Acidy'-^Hydrargyri 
Mtrico- Oxydum J P. L.^-^Red Precifiitate, 

This is very liable to adulteration with minium, or red lead. The 
fraud may be discovered by digesting it in acetic acid, and adding 
to the solution sulphureted water^ or sulphuret of ammonia, either 

of which produces, with the compounds of lead, a dirty dark co- 

/> 

♦ See Mr. Accum's valuable papers on tlie detection of adulterations, in 
I^chola^n's Jourdal, 4to. • 



loured prMi|>kili6; or by adilifig sulphate of soda, wMch ^Mwr» 
A>ifn aulphate of l«acl. This oxid« ought to be totally yoladHacd 
by* heat. 

3iXXVn.— White Oxide of Mercury ^^Hydrar^rua Fracitiitatw 

AlbuBj F. L.--^ White Precifiitate. 

White lead is the most probable adulteration of this substance, 
and chalk may also be occasionally mixed with it. Th^ oxide of 
lead may be discovered as in the last article; and chalk) by adding 
t^ the dilute solution a little oxalic acid. 

XXXVIII.— -Rf<f Sulfihureted Oxide (if Mercury y^-^Hydrorgyri 
Sui/ihuretum Rubrum^ P. L,^-^FnctiHQM9 Cinnabar, 

This substance is frequently adulterated with red )€»d, wiiich 
may be detected by the foregoing; rules* Chalk and dragon's blood 
«re also sometimes mixed with it. The cbalk is discovered by aa 
effervescence on adding acetic acid^ £ind by pouring oxalic aod 
into the acetous solution. Dragon's blood will be left unvj^atili&ed 
when the sulphuret is exposed to heat, a&d may be detected by its 
giving a colour to alcohol^ when the cinnabar is digested with it. 

XaXiX.— Black Suifikureted Oxide of Mercury f^Mt/iwfis Mi- 

neraL 

The mercury and sulphur, in this preparation, should be so in- 
timately combined, that no globules of the metal can be discovered 
by a magnifier; and that, when rubbed on gold, no white stain may 
be communicated. The admixture of ivory -black may be detected 
by its not being wholly volatilized by heat; or, by boiling with al- 
kdli to extract the sulphur, and afterwards exposing the residuum 
to heat, which ought entirely to evaporate. 

XI,«*«-^ Xellom Oxide or Sub-^ulpJmte of Mercury f^^Mydrajrgifrtu 

Fitriola,tu», jP* J^.'T^TurbiihMineraL 

This preparation should be whoUy evaporabie; and, wlien dig«st-' 
ed with distilled water, the water ^ght not to take up any su^u* 
lie acid, whick will he discovered by muriate of barytes. 

XLI.— jPtt«frf Mtrate of Silver y^jirgenti Mtraa^ F. L.^^Lunar 

^ Caustic, 

The most probable admixture with this substance is nitrate of 
oopper> derived from the employment of uiimpuEe siluer. In mo- 
derate proportion this is of little importanee. ft may be ascertained 
by solution in water, and adding an excess of pure amnioma, wfaidi 
will detect copper b^aa deep blue colour. . 

The watery solution of lunar cauatic, when mingled with one of 
common salt, should give a copious curdy pi'ecipitate. 

XUI.-»- White OJtide of Zincy^Zinci Oxydumy P. L.^-^lovferM rf 

Zinc* 

Oxide of zinc may be adulterated with chalk, which is discover^ 

able by an effervescence with acetous acid, and by th^ pr«c^)it^Qn 
of this solution witli ^xalic acid. Lead is detected by adding^ t# 
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the acetouti solution^ sulpfaoy^ted wBtcT) or ^ulphut'et oFamnumia, . 
A rdenic^ to iH^icb the activitjr.of this medicine has beeiv some- 
times ascHbed, is detected, also, by sulphureted water, added to 
th<& acetous solution: but- in this case the precipitate has a yellow 
colour, and, when laid on red-hot charcoal, gives first a smell of 
sulj>hur, and afterwards of arsenic* 

XLIII-— W^«7t Oxide qf L^ad^-^^Plumbi Carbonaa^ P, L,^^ 

White Lead* 

This is frequently sophisticated witli jchalk; the presence of 
which may be detected by cold acetous acid, and by adding*, to 
this solution, oxalic acid. Carbonate of barytes is detected by 
sulphate of soda added to the saaie solution, very largely diluted 
with distilled watCT; and sulphatt of barytes, or sulphate of lead, by 
the insolubility of the cerusse in boiling distilled vinegar. 

UlAV ."^Sufieracetate qf Lead^ — Plumbi Sufieraceta^y P. Z.—- • 

Sugar ofJLead^ 

If the acetate of lead should be adulterated with acetate of lime 
or of barytes, the fprmer may be detected by adding, to a dilute 
solution, the oxalic acid; and the latter by sulphuric acid, or solu- 
tion of sulphate of soda, added to a solution very largely diluted 
with wat^r. Acetate of lead ought to dissolve entirely in water, 
and any thing ihat resists solution may be regarded as an impurity. 

XLV.— Gree» Oxide^or Sub^acetate of Cofi/iery-^JSruffOi P^L,^^ 

Ferdegris. 

4 This substance is scarcely ever found pure, being mixed with 
pieces of copper, grape-stalks, and other impurities. The amount 
of this admixture of insoluble substances may be ascertained by 
lioiling a portion of verdegris with 12 or 14 times its weight of. 
distilled vinegar^ allowing the undissolved part to settle, and as* 
certaining its amount. Sul.phate of copper may be detected by 
boiling the verdegris with water, and evaporating the solution. 
Crystals of acetate of copper will first separate, and, when the so- 
lution has been farther concentrated, the sulphate of copper will 
crystallize. Or, it may be discovered by adding to the watery so- 
lution muriate of barytes, which will throw down a very abundant 
precipitate. Tartrate of copper, another adulteration sometime^^ 
met with, is discovered by dissolving a little of the verdegris in 
acetous acid, and adding acetate or muriate of barytes, which will 
afibrdj with the tartarous acid, a precipitate soluble in n^riatic 
acid. 

/ 

I ■ . 

XLV.— Cry«^a///zerf Acetate of Cofifiery'^DiatiHed or Cryatalliztd 

Verdegris, 

This is prepared by dissolving the common verdegris in dis- 
tilled vinegar, and crystallizing the solution. These crystals 
should dissolve entirely in six times their weight of boiling water, 
apd the solution should give no precipitation with solutions of ba- 
Vol. IL— 3 B 
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Tfte»; for, if. thete solutions tkrow down 4 t>«'««|>»tat8, solphste of 
copper is indicated. This impurity it^ay be discovered by evapo* 
rating the solution very low, and separating the crystals of acetate 
of copper. Farther evaporation and cooling will crystallize the 
sulphate, if any be present. 

XL VII. — Sub-carbonate of Magnesia^ — Magnesia Carbonaa. P, L, 

Carbonate of magnesia is most liable to adulteration with chalk; 
and, as lime forms with sulphuric acid a very insoluble salt, and 
magnesia one v^y readily dissolved, this acid may be employed 
in detecting the fraud. *To a suspected porjtioa of magnesia add 
a little sulphuric acid, diluted with eight or ten times its weight 
of water. If the magnesia should entirely be taken up, and the 
solution should remain transparent, it maybe pronounced pure, 
but not otherwise. Another mode of discoveqing the deception 
is as follows: — Saturate a portion of the suspected magnesia with 
muriatic acid, and add a solution of carbonate 6f ammonia. If any 
lime be present, it wilj form an insoluble precipitate, but the 
magnesia will remain in solution. 

XLVIII.-^Pttre Magnesia^ — Magnesiay P, t,.''— Calcined Mag- 
nesia, 

Calcined magnesia may be assayed by the same tests ai^ the car- 
bonate. It ought not to effervesce at all witji dilute sulphuric 
acid; and, if the earth and acid be put together into one scale of a 
balance, no diminution of weight should ensue on mixing them 
together. It should be perfectly free from taste, and, when di- 
gested with distilled water, the filtered liquor should manifest no 
property of lime-water. Calcined magnesia, however, is very 
seldom so pure as to Se totally dissolved by diluted sulphuric acid; 
for a small insoluble residue generally remains, consisting chiefly 
of siliceous earth, derived from the alkali. The solution in sul- 
phuric acid when largely dihited, ought not to afibtd any precipi- 
tation with oxalate of ammouia. 

XLIX. — Spirit of PVine^ Alcohol^ and Mthera, 

The only decisive mode of ascertaining the purity of spirit of wine 
and of aethers, is, by determining their specific gravity. Highly 
rectified alcohol should have the specific gravity of 800 to 1000: 
rectified spirit of wine 835: proof spirit of 920;^ sulphuric aether 
f39; and as found in the shops under the name of ifMer rect{ficafw 
it ought not to exceed 750: the sfiir'tua. aiheris nitrici (P. L. 18 15), 
or sweet spirit of nitre, 834. The xthers, when quite pure, ought 
not to redden the colour of litmus, nor ought those formed frpm 
sulphuric acid to give any precipitation with solution of barytes. 

Xj.-^'Basential or Volatile Oils, 

As essential oils constitute only a very small proportion of the 
vegetables from which they are obtained, and bear generally a 
very high pricoi there is a considerable teoiptatioa to adulterate 
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them. They are found sopkisticat^, either with cheaper volmile 
oiis, with fixed oils, or- with the spirit of wine. The fixed oils are 
discoyered by distillation with a very gently heat, whkh elevates 
the essential oils, and leaves the fixed ones. These last may, also^ 
be detected by moistening a little writing-paper with the suspect- 
ad oil, and holding it before the fire. If the oil be entirely essen- 
tial, no stain will remain on the paper. Alcohol, also, detects 
the fixed oils, because it only dissolves the essential oties, and the 
mixture becomes milky. The presetice of cheaper essential oil« 
is discovered by the smell. Alcohol, a eheaper liquid than som^^ 
of the most costly oils, is discovered by adding water, which, if 
alcohol be present, occasions a milkiness. 



CHAPTER fll. 



USE OF CHEMIOAL RE-AGENTS TO CERTAIN ARTISTS AND MANIJ- 

FAOTURERS. 

To point out all the beneficial applications of chemical sub* 
fttances to the purposes of the arts, would require a distinct and 
very extensive treatise. In this place I have no farther view than 
to describe the mode of detecting adulterations in certain articles 
^f commerce; the strength and purity of which are essentials to 
the success of chemical processes. 

I. — Mode of detecting the Adulteration of JPottt8/ie»y Peurl^aa/ieap 

and BarUla, 

Few objects of commerce are sophisticated to a greater extend 
than the alkalies, to the great loss and injury of the bleapher, the 
dyer, the glas3-maker, the soap-boiler, and of all other artists who 
are in the habit of employing these substances. To detect these 
adulterations, by determining the s^trength of alkalies, several me<^ 
thods have been recommended. In the early editions of thi^ 
work, i gave, as the best, that of Mr. Kirwisin, described in the 
Transactions of the Royal Irish Academy for 17R9, which consists 
in ascertaining the quantity of alum, decdmposed by the alkali 
under examination. Experience, hoivever, has since convince^} 
me, that a better mode of making this assay is by means of sul- 
phuric acid; the. quantity of acid, required for neutralizing a given 
weight of the alkali under examination, being directly a9 the alkar 
line power of the latter. 

An apparatus for this purpose was, several years ago, recom- 
mended by M. Descroisilles.* It consists principally of a glass 



, ^ 



389 



\i&& OF TKSXS Ti> A«^I&TS« 



eHA>P. jOl. 



tube« from Bve to «ix tenths of an inch diameter, sealed at one 
end, and inserted at this end into a pedestal which keeps it in a 
perpendicular position. The upper and open extremity is a little 
funnel-shaped, and provided with a lip, for the convenience of 
pouring out fluids. On this tube is engraved a scale of 72 equal 
parts, the first degree being at the uppermost part of the tube, and 
the 72d, of course, near its sealed extremity. Each degree is in- 
tended to contain half a French gramme (the gramme being 15§ 
English grains very nearly) of the acid test liquor, which is formed 
by diluting one part by weight of sulphuric acid,* with nine parts* 
by weight of distilled water. 

As an exampleof theuseof this alkalimeter, let .us suppose that 
we wish to assay a sample of American pearlash* Reduce to 
powder a suflicient quantity of the alkali to serve as a fair average 
specimen; and of this, put 10 grammes (= 154.5 grains) into three 
or four ounces of water, either warm or cold. Let the mixture be 
agitated till the solution is complete, and filtered through paper. 

Of the clear solution, pour one half into a common tumbler. 
Next, pour diluted acid into the tube to the line marked O; and 
taking the tube in the left hand, add the liquor, wliich it contains, 
very slowly to the alkaline solution in the tumbler, stirring all the 
while with one of the wooden rods, and first using this rod, to re- 
move the drop, which adheres to the lip of the tubel- Whan the 
acidis lowered in the tube to about the 40th degree, it is proper to 
try if the alkali be neutralized, by taking a drop on the end of a 
glass or wooden rod, and applying it to the proper test papers. 
By doing this repeatedly, the precise point of saturation will be at 
length attained; and the number on the tube, corresponding with 
the level of the remaining acid, will show the comparative strength 
of the alkali. The mean strength of several varieties oF potash 
was found to be 55, denoting that they require 55 hundredths of 
their weight of sulphuric acid, sp. gr. 1.842 (=53 of sp. gr. 1.849) 
for saturation; from which it may be calculated that tliey contained, 
fiercent. a quantity of alkali, equal to about 75 parts of sub-carbo- 
nate of potash. ' 

When soda or barilla is submitted to experiment, it is necessary 
to make the solution by means of hot water; and in all cases, it is 
adviseable to repeat the experiment on the half of the liquor which 
has been reserved. » 

The following table, given by M. Descroisilles, shows the 
strength of some alkalies of commerce, commonly met with in 
France, The last column I have calculated from obvious data. It 
expresses the quantity of subcarbonate of potash or soda, to which 
100 parts of the respective alkalies of commerce are equivalent; the 
four last only being compared with the subcarbonate of soda. * 

* Of-sp. gr. VS42; for this density, according to Vanqnelin, corresponds 
with G«o of the anfometre, at 56° Fahrenheit; (vid. 76 Ann. de Oi. 26a) 
The speciic gravity of the dilute acid, I find by experiment, to be 1.066. 
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American pearllsh^ 1st soi% . . • . 
Amencun potash in reddish masses, > 

1st ditto ........ 5 

^ American pearlash, 2nd sort ... . 

American potash in grayish masses, > 
2nd ditt9 ........ J 

White Russian potash ..... 

White Dantzick ditto 

I Blue Dantzick potash . . • • . • 

Alic^t barilla \ 

Crystals of soda of commerce . . . 

Natron ^kelp?) ... ^ ... . 

Barilla atid natron (kelp?) inferior 

Improved Atkalimeter and Acidimeter, 

I have retained, in this edition, a description of the alkalimeter 
^f Descroisilles, because it is probable that several of them may 
be in the possession of persons in this country; and because it is 
common in Prance to express the value of alkalies in degrees of 
that instrument. It has been very properly objected to it, by Dr. 
Ure^f Glasgow,* that these degrees^ being entirely arbitrary, da 
not denote the value of alkaUes in a language universally intelligi- 
ble; and he has proposed an mstrument, which shall, at once, and 
without calculation, declare the true proportion <^ alkali in 100 
parts of any specimen. 

The principal deviation in the following rules, from the method 
of T^X' ^'^> ^^' ^^^ while he employs sulphuric acid diluted to the 
same^ uniform degree (viz. of sp. gr. 1.060) for all the different 
alkalies, and consequently has a distinct scale for each, I use sul- 
phuric acid of different degrees of strength for the different alka- 
lies, and thus adapt one scale of equal parts to the several varieties 
•f aikaline substances. Any tube of sufficient capacity, in my me- 
thod of proceeding, will answer the purpose; but the most conve- 
nient size I find to be about nine inches and a half long, and three 
quarters of an inch inside diameter. • The tube sliould bef formed 
with a lip for the convenience of pouring, and he provided with a 
glass foot to support it (see plate ii. fig. 28.) A tube of this kind 
holds 1000 grains of water, knd, (which is desirable) a little more. 
To graduate it, weigh into it 100 successive portions oC distilled 
water at 60^ Fahrenheit, of ten grains each; or, if the tube lie of 
equal bore throughout, it may be sufficient to weigh into.it ten 
successive portions of water of 100 grains each, dividing each of 
the intermediate spaces into ten . parts by a pair of compasses. 
When reoo grains of water have been weighed into the tube, a 

* In an Essay on Alkalimeter, which be was so good, about two years ago, 
as to communicate to me in manuscript, and which, I believe, be has not yet 
publififaed. 



S82 t;.s& "OF TESTS TO Anaria^ft. chap. ni. 

4 

littie ma^ be dni^n with a file, which may be marked 0, the tenth 
below this 10, and so on as shown in fig. 39. * 

The test acid, which I prefer, is mad&by diluting one part of oil 
of vitriol of commerce of sp.» gr. 1.849, with four parts of water; 
conseqiieotly one fifth part of its Weight is concentrated oil of 
vitriol, and its specific gravity is, as nearly as possible, 1.14). 
Acid of this strength do^s not, on farther dilution, give out any 
heat, that can be a source of inaccuracy. . 

When aa alkali is to be examined, find by Dr. Wollaston^'S Scale 
of Equivalents, how many grains of oU of vitriol are required to 
neutralize 100 grains of what may be considered tbej>roper alka* 
line ingredients of the substance in questionf. This, in pe€trlashy 
is sub-carbonate of potash; in fiotasJiy pure potash; fn bariiiay or 
kelfij dry sub-carbonate of soda. Let us take pearlash- as an ex- 
ample. On referring to the scale, we find that 100 grains of sub- 
carbonate of potash are equivalent to 7 1' grains of concentrated oil 
of vitriol.* Put, therefore, into the test tube a quantity of the di- 
lute acid containing 71 grains of concentrated acid, viz. 355 grains; 
and to spare the trouble, on any future occasion, of weighing the 
acid, let a line be drawn with a file on the blank side of the tube, 
at the level of the acid liquor, which may be marked £quiv. o/^ 
Suhe. Pot. 

Fill up the tube with water to the line marked 0, and miifc the 
acid and and water completely by pouring them into a lipped glass 
vessel; stirring with a glass rod; and then returning them into the 
tube. Now as the whole IjOO measures contain a quantity of oil of 
vitriol equivalent to 100 grains of sub-carbonate of potash, it is ob- 
vious that each measure of the liquor in the tube is adequate to the 
neutralization of one grain of the sub -carbonate. ' 

Let 200 grains, taken out of a fair average specimen of the 
pearlash to be examined, be dissolved in two ounce measures of 
warm distilled water, filter the solution; and wash the filter with 
two oufices more of water, which is best applied to the margin of 
the paper, by means of the dropping bottle, fig. 25, a. Add the 
bashings to tho solution; and haying mixed the whole together, 
pour one half into a tumbler or goblet, reserving the other half for 
a repetition of the experiment if necessary. 

To. the liquor in the glass goblet, add the diluted acid very gra- 
dually, making the additions more and more slowly towards the 
last. As soon as the point of neutralization is attained, which will 
be shown by the cessation of a change of colour in slips of litmus 
and of turmeric paper dipped, from time to time, into the liquor, 
no more acid must be added. It is proper, however, the operator 
should be aware, that there will often be an' apparent excess of test 
acid, in <^onsequence of the cabonic acid, which is discngi||ed, act- 
ing on the litmus paper. To avoid this source of error, it is ad- 
viseable, towards the last, to warni the liquor by setting the glass 

* Dr. Ure makes it 70,4. Journ. of Science, iv. 1 It). 
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containing it foar hikif an hour nesr the firevand while thus warmed^ 
to 'add very cautiously the rest of the acid required for saturaticm. 
This, point being attained, the number on the test tube^ at the level 
of the acid remaining in it, shows at once, without any calculation^ 
how much fier vent, of sub-carbonate of potash is contained in the 
pearlash under examinati<|n* In the samples, I have tried, it has 
generally been about 80 ^er cent. 

In operating on barilla, kelp, or any variety of the mineral alkali, 
the process is c^^actly the same, except that as 93* of oil of vitriol 
are equivalent to 100 of sub-carbonate of soda, we must take 
93 X 5 = 465 grains, of sulphuric acid of density 1.141. This may 
be marked. on the tube, Eguiv. of Subc. Soda. Jn a similar manner, 
we may mark on the tube the equivalent of fiure fiotashy viz. 520 
grains of the above diluted acid; and that of fiure Moda^ 783 grains; 
with any other equivalents, that may be likely to be of use. v 

HsCving ascertained the proportion of sub-carbonate of potash in' 
any sample of pearlash, it is easy to find, by the sliding scale, its 
equivalent quantity of pure or caustic potash. Thus, supposing thp 
pearlash to contain 80 fier cent, of sub -carbonate, that number be- 
ing set to sub-carbonate of potash on the scale, the equivalent in 
pure potash is at once seen to be 55. 

To determine, by the same graduated tube, the strength of any, 
acid whose equivalent is known, (which is the reverse of the fore- 
going process) we may put 100 grains of the acid, with a sufficient 
quantity of water, into a goblet; and use, for saturating it, its equi- 
valent of any alkali. For example, 100 grains of concentrated oil 
of vitriol requiring for saturation 108 grains of dry sub-carbonate of 
soda, dissolve the latter quantity of alkali in water sufficient to make 
up 1 )0 measures of solution in the tube; then pour the alkaline so-* 
lUtion to the acid liquor, till the latter is neutralized; and the num- 
ber of measures, which have been expended, exactly denote the 
strength of the acid. 

It may sometimes be desirable to know the proportion, not of 
concentrated or of real acid, but of acid of some inferior degree of 
density, in a specimen of acid. The method of doing this will best 
be explained by an example. Suppose that we wish to know the 
equivalent, in muriatic acid of sp. gr. 1.160, to 100 grains of the. 
same acid of sp. gr. 1.074; find, by the alkaline test, or by referring 
to the tables in the Appendix,, how much real acid 100 grains 
of both those acids contain. In acid of sp. gr. 1.160, it wiU 
be 23.4 /ier cent.; in acid of sp. gr. 1.074, it will be 11. Then 
33.4 : 100 :: 11 : 47. Therefore 47 grains of muriatic acid, of 
sp. gr. 1.160, are equivalent, in acidity, to 100 of sp. gr. 1.074. 

No chemical operation can be more simple, or more easily ma- 
naged, than the measurement of the strength, of alkalies by acid 
liquors, and of acids by alkaline ones, in the way which has been 

* AccordiDg to Dr. Ure, 91.4 is the true eqtdvalent Journ. of Science, 
&c. iv. 119. 
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described. The test-tube, which is the only instrument^ required 
for that purpose, may be had at any glass-house, and may easity be 
graduated by any person who will take the necessary paiHs. When 
once accurately prepared, it will be found, also, useful for a variety 
of other purposes, which will readily present themselves to the 
practical chemist. « 

. IL-^MoHe of detecting the Adulteration qf Manganese, 

In the section on drugs, instructions may be found for discover- 
ing impurities in several chemical prepai*ations, employed by the 
artist, as cerusse or white lead, red lead, verdegris. Sec. Np rules, 
however, have been given for examining manganese, which is a 
substance that varies much in quality, and is often sophisticated; 
as the bleachers experience, to their no small disappointment and 
loss. 

The principal defect of manganese arises from the admixture 
of chalk, which is not always an intentional adulteration, but is 
sometimes found along with it, as it occurs in the earth. When to 
this impure manganese mixed with muriate of soda, the sulphuric 
iicid is added, the materials effervesce and swell considerably, and 
a large proportion passes into the receiver; in consequence of 
which the bleaching liquor is totally spoiled. This accident has* 
to my knowledge, frequently happened, and can only be prevented 
by so slow and cautious an addition of the acid, as is nearly incon- 
sistent with the business of an extensive bleaching work. The 
presence of carbonate of lime may be discovered in manganese, by 
pouring, on a portion of this substance, nitric acid diluted with tf 
or 10 parts of water. If the manganese be free from chalk, no 
effervescence will ensue, nor will the acid dissolve any thing; but, 
if carbonate of lime be present, it will be taken up by the acid. To 
the solution add a sufficient quantity of carbonate of potash to pre- 
cipitate the lime, wash the sediment with water, and dry it. Its 
weight win show how much chalk the manganese under examina- 
tion contained. 

Another adulteration of manganese, that may, perlutps, be some- 
times practised, is the addition of some ores of iron. This impu- 
rity is less easily discovered; But if the iron be in "such a sUite of 
oxidation as to be soluble in muriatic acid, the following pltycess 
may discover it. Dissolve a poi*tion, with the assistance of heat, in 
concentrated muriatic acid, dilute the solution largely with distilled 
water, and add a solution of cry^stallized carbonate of potash. The 
mangai^se will remain suspended, by- the excess of cafbonic acid) 
on mixing the two solutions^ but the iron will be precipitated in 
the state of a coloured oxide. 

From an observation of Klaproth,* it appears that oxides of iron 
and manganese are separable by nitrous acid with the additi6n of 
sugar, which takes up the manganese only. 

''' E^sajB, vol. i. jpage 572. - 
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CHAPTER IV. 

ABPLIOATION OF CHEMtOAL TESTS TO THE USES OF TttE FARMER Aj?i> 

COUOTRY GENTLEMAN. 

THEljcnefits that tnight/bfi derived from the union of chemical 
skill, with the eiftensive observation of agricultural facts, arc, per- 
haps, incalculable. At present, however, the state of knowted^ 
among fanners is not such as to enable \hem to reap much advan- 
tage from chemical experiments; and the chemist has, himself, 
scarcely ever opportunities of applying his knowledge to practical 
purposes in this way. it tnay, perhaps, however, be of use, to offer 
a few brief directions for the analysis of marls, lime-stones, &c. 



SECTION I. 



Hi me. 



It is impossible to lay down any general rules respecting the fit- 
noRi ef lime for the |>urt»68eB of kgricuUure; because much must 
depend en tte peculiafities of soil, exposure, and other circum- 
atatices. Hence a species of lime may be extremely well adapted 
lor one kind of iand and not for another. All that can be accom- 
plished by ch^micRl means is to as^rtatn the degree of purity of 
the lime, and to infer, from this, to what kind of soil it is best 
adapted. Thus a lime, which ccHHains much argillaceous earth, is 
better adapted than a purei^ one to dry and gravelly soils: and stiff 
ehiyiey lends require a lime as free as possible (h>m the argillaceous 
ingredient. 

To det^FBihle tha» pmity of lime, let a given wdght be dissolved 
in dilu^d*mafatAtic'aci<d. I^et a little excess of acid be added, that 
no portion may renmin undissolved owing to the deficiency of the 

tl^iA. Diiiile with distilled water; let the insoluble part, if any, 
bai^, and tbe eleer liqttor be decanted. Wash the sediment 
tvitii wftlier portions of water, and pour it upon a filter, previously 
l^tflglied. Dry the filter and ascertain its increase of weight, which 
irili indicate how much Insoluble matter the quantity of litpe sub- 
nailted. to experiment contained. It is easy to judge by the exter- 
nal qnalittes of the insoluble portion, whether argillaceous earth 
nboimds in its composition. 

. Tliore ie one earth, however, lately found in several lime-stones, 
irkiA^h is hilfhly injurious to the vegetation of plttnts, and is not 
discoverable by the foregoing process, being, equally with lime, 
soluble in mutjaidc acid. This earth is magnesia, whictf, by di- 
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rect experiments, has been ascertained to be ei^tremely IlQlxilHl^ 
to plants. Mr. Tennant, the gentleman to whom we owe this fttcti 
was informed} that in the neighbourhood of Donoister two kmda 
of lime were employed, one of which it was necessary to use t^ 
aparinglyt and to spread very evenly; for it was said, that a large 
proportion, instead of increasing, diminished the fertility of the 
aoil; and that, whenever a heap of it was left in one spot, ali fer- 
tility was prevented for many yeara. Fifty or sixty bushels on an 
acre were considered to be as much as .could be, used with advan- 
tage. The other sort of lime, which was obtained from a vill^ga 
near Ferrybridge, though considerably dearer, from the distant 
carriage, was more frequently employed,. on account of its supe- 
rior utility. A large quantity was never found to be ^jmripus^ 
and the spots which were covered with it, instead of beia^, ren- 
dered barren, became reiparkably fertile. On examining the cook- 
position of these two species of lin^e, the fertilizing one proyed ta 
consist entirely of calcareous earth, and the noxious one of three 
parts lime and two magnesiaT 

The presence of magnesia in linie proved, on farther investiga- 
tion, to be a very common occurrence. The roagnesian lime- 
stone appears to extend for 30 or 40 miles from a little south-west 
of Worksop, in Nettinghamshire, to near Ferrybridge, in York- 
shire, and it has also been found at Breedoand Matlock, in Derby- 
shire, and in various other parts of England.* 

The magnesian lime-^ton^ , according to Mr. Tennant, may 
easily be distinguished (rem that which is purely calcareous, by 
the slowness of its solution in acids, which is so considerable, that 
even the softest kiiid of the former is much longer in disai^ing 
than marble; it has also frd^uently a crjPst^iz*^ sfmeture; and 
sometimes, though not always, smaJi black dots n^ay be. seen dis- 
persed through it* In the countries where this lime^siqiie is 
found, the lime is generally dls^jguished, firom^ its effects in agti- 
culture, by the farmers, as A or li»ie, in oppositioi) f6 the pantff * 
calcareous, which they term mild. 

To ascertain, by cheitiical Wieans, the co^)«&itieii of a Sine or 
lime-stone suspected to contain magneala, the Idilo^w^ is tlie 
easiest, though not the most aecuraie, proc^M. * Prncure'a.PkH 
rence flask, clean it well from oil by a little soap-lees or^air*4p£ 
tartar and quicklime mixed, and- break it ofl^ «be«£t the middle of 
the body, by setting fire to a strmg tied round it and woiaMied 
with oil of turpentine. Into the bol^ta part of this Busk put #00 
grains of the lime or lime-stone, Bad pour on k,.bf ddgrecs, Hatf. 
an ounce of strong sulphuric acid. On eaeh Ma^tm '^i aoiiln iritt*>' 
lent effervescence win ensue; wh^^ th» ceases, stir ^he acid -i 
lime together with a small glass tube, or rod, and plaee' tiie 
an iron pan, filled with sand* Set it o^^ the &fe,aai cantineijie 
heat till the mass is quite dry. Scrape off the dry mass, wesgii il| 
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»itd |mt it; ifito a whic gHiss, which may be fiMed up with water. 
Stir the mixture, and when it has ^tood half an hour, pour the 
^hole on a filtering paper, placed on a funnel, and previously 
weighed. Wash ^le insoluble part with water, as it lies'oti the fil- 
^r, and ^dd the washings to the filtered liquor. To thb liquor 
add a sjolu'tibn of half an ounce of salt of tartar in water, when, if 
lillighesia be present, a very copious white sediment will ensue; if 
lihie oiil]f , merely a slight thilkiness. In the former case, heat the 
ll^or by settihg it in a tea-cup near the fire; let the sediment sub- 
aMe; pour oflT the clear liquor, which may be thrown away, and 
wash th^ while powder repeatedly with warm water. Then pour 
it on a filter of paper, the weight of which is known, dry it, and 
weigh. -The result, if thb lime-stone has been submitted to expe- 
rihient, shows how^much carbontte of magnesia was cohtaii)ed in' 
the original stone, or, deducting 6b fier cent, hbw much purfe 
magftesia 100 parts of the lime-stone contained If the burnt lime 
has been used, deduct from the weight of the precipitate 60 fier 
cent, and the remainder will give the weight of the magnesia in 
each 100 grains of the burnt Imie. 



SECTION II. 

Anal}f8U of MarU* 

Th& ingredient of marls, on which their fitness for agricultural 
purposes depen4s9 is the* carbonate of lime. It is owing to the 
presence of this earth that^ marls effervesce on the Addition of 
acids,, which is one of their distinguishing characters. In ascer- 
taining whether 9Xk efiervescence takes place, let the o^arl be put 
iDt» a gla^s, partly filled with wat€r, which will expel a ]x>rtion of 
air contained mechanicdly in the marl, and thus obviate one source 
of fallacy. When the marl is thoroughly penetrated by the water, 
add a little niuriatic acid, or spirit of salt. . If a discharge of air 
sh0uld ensue} the marly nature of the earth is sufficiently estab** 
Iished. * 

/Tq find the composition of a marl, pour a few ounces of diluted 
muriatic acid into a Floreace flash, place them, in a. scale, and let 
them be balanced. Then reduce a few ounces of dry marl i^to 
powdert 9iBA jet this powder be carefully and gradually thrown 
into the fiask, until, after repeated additions, no farther efierves- 
cence is perceived. X^t the remainder of the, powdered marl be 
w^l^ed, by which th<; quantity projected will be known. Let the 
balance be then restored. The difference of weight between the 
quaiiliQr projected and that requisite to rf»tpre the balancc> will 
show the weight of air lost during effervescence. If the loss 
amount to X^fitr ctnt* ef thf quanUty of marl projected, or from 
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Id to ^3 Mr cent, ihe mitrl assayed i» cilcareoui marly or Biarl 
rich in calcareous earth. 

Clayey marls, or those in tvhich the argillaceous ingredient 
prevails, lose only 8 or 10 fier cent, of their weight by this treat- 
ment, and sandy marls about the same proport%n. The presence 
of much argillaceous earth may be judged by drying fhe niarl« af- 
ter bci^g washed with spirit of salt, when it will harden and form 

a brick* 

To determine, with still greater precision, the quantUy of cal- 
careous earth in a marl, let the solution in mqriatic acid be filtier- 
ed, aqd mixed with a solution of carbonate ^of potash, till no farther 
precipitation appears. Let the sediment subside,, wash it w^I 
with water, lay it on a filte**, previously weighed, and dry it. The 
weight of the dry mass will show how much carbonate of limr 
the quantity of lime submitte^l to experiment contained. 
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CORRESPOMDEMCB BBTWEEK ENGLISH AND FOREIGN WBIGHTS 

AND MEASURES. 



I.^'EnglUh Weights and Measures* 

Troy Weight. 

Pound. Ounces. Drms. Scrupled. 6rains. Qrarames. 
1 ZZ 12 ZZ9^ ZZ 288 zr 5760 n 372.96 
1 — 8 = 24 = 480 IZ 31.08 
1 = 3 r: 60 = 3.085 
I ZZ 20 rz 1.295 
I ZZ 0.06475 

Avoirdupois Weight. 
Pound. Ounces. Drms. Gnuns. Grammes. 

1 iz 16 r= 256 — 7000. r: 453.25 

1 Z: 16 = 437.5 = 28.328. 

1 — 27.34375 = 1.7705 
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Measures. 

Gal. Pints. Ounces. Drms. Cub. Inch. Litres. 

I n 8 rz 128 = 1024 ZI 331. ZZ 3.78515 

1 IZ 16 = 128 = 28.875 = 0,47398 

1 =1 8 1= 1.8047 = 0.02957 

I = 0.2356 = 0.00396 

N. B.*-The English ale-gallon contains 282 cubical inches. 
The wine gallon contains 58176 Trojr grains; and the wioepiot 
7273 Troy grains: 

II.— Gfrwflw. * 

71 lbs- or grs. English troy - - - — 74 lbs. or grs. German 

apothecaries ve%ht. 
1 oz. Nuremberg, medic, weight - ~ 7 dr. 2 sc. 9 gr. English. 

1 mark Cologne - — 7oz. 2dwt.4gr.Engr»h 

troy. 

ni Dutch. 

1 lb. Dutch r: 1 lb. 3 oz. 16 dwt. 7 gr. English trojr- 
rari lbs. Dutch = 1038 lbs. English troy. 

IV.^^Svfediah Weight* and Meaaureay tued by Bergman and Schtde> 

The Swedish pound, which is divided like the English apothecary) 
or troy, pound, weighs 6556 grs. troy. 

The kanne of pure water, according to Bergman, weighs 42250 , 
Swedish grains, and occupies 100 Swedish cubical inches. Hence 
the kannc of pure water weighs 48088.719444 English troy gnio'f 
or is equal to 189.9413 English cubic inches; and the. Swedish 
longitudinal inch is equal to 1.238435 English longitudinal inches. 

From these data, the. following rules are deduced : 

1. To reduce Swedish longitudinal inches to English, tnnliiply 
by 1.3384, or divide by 0.80747. 

2. To reduce Swedish to English cubical inches, multiply by 
1.9, or divide by 0.5S65. 

3. To reduce the Swedish pouiid, dunce, drachm, scruple, or 
grain, to the corresponding English troy denomination, maltipiy 
by 1.1383, or divide by .8786. . » 

. 4. To reduce the Swedish kannes to English wine pints, multi- 
ply by . 1 520207, or divide by 6.57805. 

5. To reduce Swedbh kannes to English wine gallons, multiply 
by .83325, or divide by 1.316. 

6. The lod, a weight sometimes used by Befgman, is the 33d 
part of the common Swedish pound of 1 6 oz. and the 34th part of 
the pound of 12 oz. Therefore to reduce it to the English troy 
pound, multiply by .03557, or divide by 38.1156. 
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V^^^Corretfiondence of JSngHa A Weights and Measures with those 

used in France be/ore the Revolution* 

€ 1.— WEIGHTS, 

The Paris pound^/^ofcftf cf^ marc of X^harlemaghe) contains 9216 
.Paris grains; it is divided into 16 ounceBy each ounc^ into 8 gros, 
and each gros into 72 gr.ains. It is equal to 7561 English troy 
grains. 

The English troy pound of 12 ounces contains 5760 English troy 
grains, and is equal to 702 1 Paris grains. 

The English avoirdupois pound of 16 ounces contains 7000 Enr 
glish troy grains, and is equal to 85324 Paris grains. 
To reduce Paris grains to English troy grains, divide "^ 

by - - -- - - -- - - -- -. - - - >12189 

To reduce English troy grains (o Paris grains multiply f 

by- - - - - - J 

To reduce Paris ounces to English troy, divide by - ? A^^-yoi 
To reduce English troy ounces to Paris, multipVy by 5 

Or the conversion may be made by means of the iollowing tables : 

i.'^To reduce FrencJi to Mnglish Troy Weight. 

The Paris pound iz 7561 "^ 

The ounce = 472.5625 U,. ,. . ._ ^ • * 

Thogros . = 55.0703 p"Sl^sh troy grams. 

'The grain ZZ .8204 J ., 

2.— TV reduce English Troy to Paris Weight, 

The English troy pourid of 12 ?. — * ^Qgj 
ounces ------^j*""*^* 

The troy ounce - - - - . — 585.0833 

The drachm of 66 grains - — 73.1354 f p . 
, The penny weight or denier of > _, 39.3541 ^ ^^^^^^ 

/ 24 grains - S"^ 

The scruple of 20 grains - = 24.3784 

The grain .-*.--=: 1.3189 

Z.-^Th reduce English ^voirdu/iois to Paris Weight. 

The a#irdupois pound of 16 7 .^ g^^^^ 1 

ounce Sy or 7000 troy grains 3 *^ * r ^^"^ grains. 

Th^ounce - -'---. 533.6250j 



§ II.-^LOKO AND CUBICAL MEASURES. 

V 

To reduce Paris* running feet, or inches, into En-*^ 

glish, multiply by .------. L 1 065977 

Etiglish running feet, or inches, into Paris di- \ ' 
vide by -- J 
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Gal. Pints. Ounces. 



APPRNDIX. 

Measures. 

Drms. Cub. ln<?^ 



y 



'i 



I — 8 = 128 = 1024 = 331. 

1 = 16 ==' 138 = 28/*^ 
1 = 8=1^^' 



N. B ^The English ale-gallon co/j^ 

The wine gallon contains 58176 J ^ 
7373 Troy grains: * ij 

71 \hi, or grs. English troy ^/ 









w 



I oz. Nuremberg, medl / .' | 
1 mark Cologne - ''^'y 



1 lb. Dutch . f, I 




/ 

-I 

tr 

% 



I 

I 



V 



••««; 



^I'Xeaaure to EfigUth, 



■i:^ 



'.^rsji^j 3093.088384 



787ilb8.Dutcb7 ,.^, 

• < cubical < 
IV^^Swedia/ - .000700 (^ feet, or ( 1.31 lara 

The Sw' ^ rfc?ttce EnglUh Cube Measure to French^ 

1437.48641 



} 



in. 



of troy, y 

The ,^ ^n cube foot, or > 
Swcdif>ical inches - J i 

the k^ ^/jjcalinch - - - = .8360 f* ^5'^*^'* cubical 

or i//tf&e tenth - - - n .0008 J "^chcs. 

. lor/ 

$ HI— HEASVKX OP C AMPACITY. 

fbe Paris pint contains; 58.145t English cubical inches, and thr 
^glish wine pint contains. 28.875 cubical inches; or the Paris iSu 

• To convert the veij^ht of a French cubic foot, of any particular mb* 

«ven in French grains, into the corresponding weight of an Bnrfish cnhw^ftl^ 

[n English troy grains, multiply the French grains by 0.6773l#i a^ #hT ^^ 

duct is the number of English troy grains contained in an Enelish'cuBic fmS'i 

the sam^ substance. ° ^ ™"* w 

t It is said by Bejidor, ^chit. ffydraul. to contain 31 oz. $4 ttn of *«. 
which makes il 58.075 English inches , but, as there is considewblTuniiS^ 
m the determmations of the weight of the French cubical measure of w^l^ 

owmg to the tincertamtyof the standards made useof, it is betterto^Set' 
Mr. Everard's measure, which was made by the E?tcheaueT standards .^ z7 
the proportions of the English and Frenchfoot, J esXiXtSe ^^l 
Academy and Royal Society. ^•«ui«uea oy me French 

According to Baumi, the Paris pint contains 32 French ounces of wat<^r .^ 

j;.^isra;n„is-^°''*^-'««^' which wouMn.keiJ^ui':'^^' 



OLD FRENCH MIASUBKS< 



393 



% 






A. 



t 






\ 



% 






I' X 



^S^ 1082 English pints, and the English pint contains 
*>ts; hence, 

'^aris pints to the Ehglish, multi- "^ 

'\ - I / .J n " Ai iA >2.017l0d2 
sh pints to the Pans, diYiqe T 

^ -------- J 

< ''Se French, op 9370.45 English cubical 

''2 French, op 912445.4 English cubi- 



\ 



*p^ 



-> 



<v ^^& 



I 

t 

V 

«, 



I 



I 



593 AVPBNDIX. 

Te reduce Parii cubic feet, or inches to English,! 

English cubic feet, or inches, to Paris, divide ( 

by J 

Or b/ means of the following tables : ' 

4.— -7^0 reduce ParU iLong Meature to JirglM, 

The French toise =: 6.394f English fe«t. 
The Paris royal foot of 13 inches r: 13.797n 

The inch = 1-0664 f «,|. .. 

Theline,orl-l2thofaninch - = .0888 f ^^e»»h inches. 

The 1 -1 2th of a line ----:= .00r4j 

5.— -7*0 reduce English Long Measure to French. 

The English foot -.-.-:= 11.25961 

The inch = .9383 j 

The i -8th of an inch - - - - ~ .1173 V Paris inches. 
The M 0th of an inch - - • rr .0938 j 
The M 3th of an inch - - - = .0783 J 

6.— To reduce French Cube Measure to English. 

The Pa^is cube 

foot - - - 5 —'•"•*•"-" ^ cubical •{ -^^•'•^^ "••"•■ ^ j^ 

The cubic inch 



] = ^-^nm f^^g^jf 3093.088384 1 . 
ZZ .000700 tfeet, or I 1.211378 J 



7.— ro reduce English Cube Measure to French^. 

The English cube foot, or > _ 1407^8641 

1728 cubical inches - S — i*-*^-*^^* I .... 

The cubical inch - - - = .8260 f ^^?°^** ^«»^^"^* 

The cube tenth - - - z^ - .0008 J i«c*^«*- 

$ in— HEASURE OF CAPACITY. 

The Paris pint contains 58.145t English cubical in9he8, and the 
English wine pint contains. 28.875 cubical inches; or the Paris pint 

* To conrert the weight of a French cubic foot, c^sny partieiUar subftuice 
f^ven in French g^ins, into the corresponding weight of an English cubic foot 
m English troy grains, multiply the French grains by 0.6773181, a^ the pro- 
duct is the number of English troy grains contained in an English cumc foot ef 
the samp substance. 

f It is said by Belidor, Ar^hit. ffydraul. to contain 31 oz. 64 gra. of water, 
which makes it 58.075 English inches ; but, as there is considerable, uncertainty 
in the determinations of the weight of the French cubical measure of water, 
owing to the uncertainty of the standards made use of, it is better to abide by 
Mr. Everard's measure, which was made by the Exchequer standards, and by 
the proportions of the English and French foot, as established by the French 
Academy and Royal Society. 

According to Baum^, the Paris pint contains 32 French ounces of water, at 
the temperature of 54.5* of Fahrenheit ; which would make it equal to 59.729 
^ngiith cubical inches. 
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/ _ 

contains 2.0171082 English pints, and the English {unt contains 
.49617 Paris pints ; hence, 

To reduce the Paris pints to the Etiglish, multi- "1 

Ph^Y L201710A2 

To reduce the Engliah pints to the Paris, divide f ^'^ * ^ ^ ^^^ 

^Y J / 

The scptier of Paris is 7736 French) or 9370.45 English cubical 
inches; and the mtiid is 92832 French, or 912445.4 English cubi- 
cal inches. 



t 
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APPENDIX. 



VI.— TViA/f 9liovfing the ComfiarUon between French and EngU 

Grains. ^(Poid de Marc.) 



French gre. =s English grs. 


* 


Eng^lish gor. U: French grs. 


» I 


0.8203 


1 


1.2189 


2 


1.6407 




2 


2.4378 


3 


2.4611 




3 


3.6568 


4 


3.2815 




4 


4.8757 


5 


4.1019 


« 


5 


6.0947 


6 


4.9223 


6 


' 7.3136 


7 


5.7427 




7 


8.5335 


8 


6.5631 




8 


-9.7515 


9 


7.3^35 




9 


10.9704 


10 


8.203 


10 


r2.l89 


20 


16.407 




20 


. 24.378 


30 


24.611 




30 


36.568 


40 


32.815 




40 


48.757 


5a 


41.019 


1 


50 


60.947 


60 


49.223 


60 


73.136 


70 


57.427 




70 


85.325 


80 


65.631 


. 


80 


97.515 


90 


73.835 




90 


109.704 


100 


82.03 


100 


121.89 


200 


164.07 




• 200 


?43.78 


300 


246.1 1 




300 


365.68 


400 


328.15 


- 


400 


487.57 


500 


410.19 




500 


609.47 


600 


492.23 


600 


731.36 


700 


574.27 




700 


853.35 


800 


656.31 


• 


800 


975.15 


900 


738.35 




900 


1097.04 
1218.9 


1000 


820.3 


1000 


2000 


. 1640.7 


• 


2000 


2437.8 


3000 


2461.1 




3000 


3656.8 


)4000 


3281.5 


t 


4000 


4875.7 


5000 


4101.9 




5000 


6094.7 
7313^ 


6000 


4922.3 


6000 


7000 


5742.7 




7000 


8532.5 


8000 


6563.1 




8000 


9751.5 


9000 


7383.5 


* 


9000 


10970.4 


* 10.000 


8023.0 




10.000 


12189.0 



• Per Farey (Nicholson's Journal, ixii. 338), 1 grain French » 0.82W f^ 

gUsh I 10,000 ditto » 8204 ditto. 
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VII.— yaWe ^hovfinff the Comfiarison between French and Engluh 

Cubical Inches » 



Cubic Irtchet. 


* 

- 
\ 

i 

* v 


Qubic Inches, 

V 


1 
French. «= English. 


English, sa French. 


\ 

• 2 
3 
4 
5 


L213& 
2.4272 
3.640^ 
4.8544 
6.0681 


1 
2 
3 
4 
5 


0.8239 
1 .6479 
2.4719 
3.2958' 
4 J (98 


v^ 6 
7 
8 
9 


7.2817 

8.4953 

8.7089 

70.9225 


6 
7 
8 
9 


4.9438 
5.76?7 
6.5917 
7.4157 


/lO 
20 
30 

'40 
50 


12.136 
24.272 
36.408 
48.544 
60.66 1 


10 
20 
30 
40 
50 


8.239 
16.479 
24.719 
32.958 
41.198 


60 
70 

80 
90 


72.SI7 

84.953 

97.089 

109.225 


60 
70 
80 
90 


49.438 

, 57.^77 

.65.917 

74.157 


loa 

200 

300 

400 

.500 


121.36 

342.72 
364.08 
485.44 

606-81 

■ 


100 
. -200- 
300 
400 
500 


82.39 
164.79 

'247.19 
329.58 

, 411.98 


600 

700 

' 800 

900 


^28.17 

S4,9 53 

970.89 

1092.25 


600 
700 . 
_€00 
900 


494.38 
576.77 
659,17 
741.57 


1000 
2000 
3000 
4000 
5000 


U13.6 

2427.2 
3640.8 
4854.4 
6068,1 


XOOO 
2000 
3000 
* . 4000 
5000 


• «23.9 

4647.9 

; 2471.9 

* S295.8' 

4119.8 


6000 
7000 
8000 
9000 
10.000 


7281.7 
8495.3 
9708.9 

J0922.5 . 

121 36.0 


. 6000 

7000 

8000 

9000 

10,000 


4943.8 
^7(>7.7 
6591.7 
7415.7 
8239.0 



V 



396 



APPBKDIX. 



VIII.— w'Vrw /'VfwcA Weighta and Measures {calculated by. Dr. 

Duncan^ jun^, 

I . — Measures of Length : the Metre being ^t 32°, 

and the Foot at 62®. 



Millimetre 

Cendmetre 

Decimetre 

Metre* 

Decametre 

Hccatometre 

Kilometre 

Myriometre 



English inches. 
.03937 
.39371 
3.93710 
39.37100 
393.71000 ZI 
393710000 n 
39371.00000 — 
393710.00000 n 



Mil. Fur. Yds. Feet. In. 

9.7 
1 

10.2 
6 
/ 






6 





4 
1 



10 
109 
213 
156 



2 
I 
I 




2. '•^Measures of Caftacity, 



Milimtre 

Ceotilitre 

Decilitre 

Litre 

Decalitre 

Hecatolitre 

Kilolitre 

Myriolitre 



Cubic inches. 

.06 J 03 

.61028 

6.10280 

6i:02800 

610.2800P 

6102.80000 

61038.00000 

610280.00000 



EnglUh. 
Tons. Hogs Wine G. P'rnU. 
~ 0. 2.1133 
r 2. 5.1352 
r 0. 26.419 
Z 10 12.19 
= 10 I 58.9 



3. — Measures of Weight. 



English grains. 
Zr .0154 

= .1544 

r= 1.5444 

IZ 15.4440 

ZZ 154.4402 

Z:; 1544.4023 
Z: 15444.0234 
^ 154440.2344 



Avoirdupois* 
Poum Oun. Dnn. 



Milligramme 

CeDtigra.mme 

Decigramme 

Gramme 

Decagramme 

Heoatogramme 

Kilogramme 

Myriogramme 

* Recently determined by Csptain Kater to be 39.37079 inches. (PhiLTw* 

1818, p.' 109.) 







3 

^2 



O 
3 

O 



5.65 
8.5 
5 
2 



GORRSOTtON Olf THE fOLtJME OV GASES. ^^t 

IX.'^Eeduction of tht Ounce MeoBwrea uaed by Dr. PrieatUy tf> 

Cubical Inches, 

English cubical 
Inches. 

1.898 

3.796 

5.694 

7.592 

9.490 

11.388 

13.286 

15.184 

ir.082 

18.980 

37.9JS0 

56.940 

75.920 
94.900 
113.880 ,v 
132.860 
151.840 
170.820 
18^,800 
• 1898.000 

X. Rules for reducing the Volume qf Gases to a mean height Qfth€ 

Bardmetetf and mean Temperature. 

1 . From the space occupied by any quantity ofga^ under an observed 
degree of pressure^ to infer what its volume vfould pe under the mean 
height of the barometer^ taking this at 30 inches^ as is now most usualn 

This is done by the rule of proportion; for, as tKe mean height 
is to the observed height, so is the observed yolume to' the volume 
required. For example, if we wish to know what space would be 
filled, under a pressure of 30 inches of mercury, by a quantity of 
gas, which fills 100 inches, when the barometer is at 29 inches, 

30 ; ^9 :: 100 : 96.66. 

The 100 inches would, therefore, be reduced to 96.66. 

2. To estimate what would be the volume of a portion ofgas^ if 
brought to the temperature of 60* Fahrenheit. 

Divide the whole qiiatatity of gas by 480 ; the quotient will show 
the amount of its expansion or contraction by each degree of 
Fahrenheit's thermometer. Multiply this by the number of de- 
grees, which the gas exceeds, or falls below, 60°. If the tempera^ 
ture of the gas be abov^ 60*, subtract, or if below 60®, add, ihe pro- 
duct to the absolute quantity of gas ; and the remainder in the first 
case, or sum in tbe second, will be the answer. Thus, to find what 

Vol.— II. 3E 



Ounce 


French cubical 


Measures. 


Inches. 


I 


1.567 


2 


3.134 


3 


4.701 

1 


4 


6.268 


5 


7.835 


6 


9.402 


7 


10.969 


8 


• 12.536 


9 


14.103 


10 


15.670 


20 


31.340 


30 


47.010 


40 


62.680 


50 


78.350 


60 


94.020 . 


70 


109.690 


80 


125.360 


90 


141.030 


100 


156.700 


1000 


1567.000 
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space 100 cubic inches of gas at 50° would occupy, if raised to 60^, 
divide 100 by 480 ; the quotient 0.308 multiplied by 10 gives 2.08, 
which added to 100 ^ives 1 0^.08 the answer required. If the tem- 
perature had been 70°) and we had wished to know the volume which 
the gas would have occupied at 66^, the same number 2.oa must 
have been subtracted from 100, and 97.92 wuuld have been the 
answer. 

3. In some cases, it is necessary to make a double correction, or 
to bring the gat to a mean both of the barometer and thermometer. 
We n^ust then first correct the temperature, and afterwards the 
pressure. Thus to know what space 100 inches of gas at 70° Fah- 
renheit, and 39 inches barometer, would fill at 60° Fahrenheit and 
30 inches barometer, we first reduce the 100 inches, by the second 
process, to 97.93. Then by the first 

30 : 29 :: 97.92 : 94.63. • 

Or 100 inches thus corrected, would be only 94.63. 

4. To ascertain what would be the absolute weight of a given 
volume o/gaa at a mean temperaturey/rcfm the known weight of an 
eqtud volume at any other temfieraturej firsts find by the second pro- 
cess what would be its bulk at a mean temperature, and then say, 
as the corrected bulk is to the actual weight, so is the observed 
bulk to the number required. Thus if we have 100 cubic inches of 
gas, weighing 50 grains, at 50° Fahrenheit, if the temperature were 
raised to 60° they w#uld expand to 102.08. And 

102.08 : 50 :: 100 : 49. 

Therefore 100 inches of the same gas at 60° would weigh 49 grains. 

5. To learn the absolute weight of a given volume of gas under a 
mean pressure, from its known weight under an observed pressure^ 
say, as the observed pressure is to the mean pressure, so is the ob- 
served weight to the corrected weight. For example, having 100 
inches of gas which weigh 50 grains under a pressure of 29 inches^ 
to know what too inches of the same gas would weigh, the barome- 
ter being 30 inches, 

29 : 30 :: 50: 51.72. 

Then 100 inches of the same gas, under 30 inches pressure, would 
weigh 51.72 grains. 

6. In some cases it is necessary to combine the two last calcula- 
tions. Thus, if 100 inches of ps at 50° Fahrenheit^ and under 29 
inches pressure, weigh 50 grams, to find what would be the weight 
of 100 inches at 60° Fahrenheit, and under 30 inches of the barome- 
ter, first correct the temperature, which reduces the weight to 49 
grains. Then, 

29 : 30 :: 49 : 50.7 

One hundred inches, therefore, would weigh 50.7 grains. 
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XL S/iecific GraxfUiea of Solid and Ldqu\d. Substances,* 



OEMS, 

Diamond, white, orieQtal 

Topaz, c^rietital - - - 

Sapphire, oHental - - 

Garnet, Bohemian ' - - 

Beryl, oriental . - - - 

Hyacinth, common - - 
Rmerald, from |*era 

Crysolithe, from Brasil - 

Amethyst, oriental - - 

Ruby, oriental - •* - 

STONBS, Sec. 

Ponderous spar - - - 

Porphyry '-' - - - - 



Speeifii 



ifie 



3.52 12 

4J0106 

3.994 > 

4:1888 

3.5489 

2.6873 

2 77SS 

2,6923 

2.651 

42833 



4 4360 
2.7651 



STONES, &C. 

Jasper, brown 
Granite, Egyptian 
Rock-crystal • - 
Chalcedony, bright 
Carrara marble 
Aiabaster, oriental 
Carnelian - - 
Slate, common, for roofs 
{Flint .-.-.. 
Agate, oriental - - - 
Pottland-stone^ - - - 
Serpentine, green, Italian 
Opal, noble " • " • i 
Pumice-stone - - - - | 



..<»'• 



SMcille 
Gnv. 



2 6^11 

7.6541 

2.6530 

2.6640 

2.7168 

2.7-302 

2.6137 

2^5^35 

2.5941 

2 5901 

2 533 

2 4295 

2.144 

0.9145 



< 



SALTS. 



Potash - - - -^ - 

Lime 

Magnesia - - * - 
Alumine - - - > 
Barytes - . - - 
Sulphate of potash - 

V alumine 

, — ainc - - 

_ irdti - - 

copper r 



Nitrate of potash 
Muriate of soda - - 
Acetate of lead - - 
Supertslrtrate of potash 
Sub-borate of Soda ' - 
Carbonate of potash -- 
I — ' soda 
ammonia 



CUuienfhitz, 


Kinran. 


Maielieiibvocic 


1.7085 


4.6315 




1.52S3 


2.3908 


2.3700 


0.3460 


2 3298 




0^8200 


2.0000 




2.3740 


4.0000 




2.4073 


2.636 


2.398 


17109 


V 


17260 


1.9120 




1.9 


1.8399 




1.88 


2.1943 


2.23 




1.9369 


1.933 


1.901 


2.2001 




2.0835 


2.3450 


1 ■ 


2.3953 


1.9153 




1.8745 


17230 




1.7170 


20120 




2.749 


1.3591 


1 421 


• i 


0.9660 


1.8245 


1.5026 ) 



Newton. 



i«->->i 



1.714 
V.7l% 



1.900 .. 
2.143 \ 



1^14 



* Fof the specific g^vities of the metals, see Table of the Qualities of Metalf^ 
near the close of this Appendix. 
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Table of S/iecific GravUies of Solid and Liquid SubBtaneea^— 

Continued, 



GIiASSKS AND VITRIFICA- 

Tioirs. 
Green bottle-glass - - 
French crystal-glass 
French mirror-glassi from 
St. Gobih .... 
English flint-glass - ^ 
China porcelain - - - 

JM7LAMB^ABtBS. 

Roll-sulphur - - - 
Phosphorus ... 

Pit-cpaJ . - . - 

AmhfBr - - - - - 
Heaviest charcoal 
])|ineral Naphtha 

Cai^phpr - - - - 

Liquid ammonia - - 



, ^ WATERS.^ 

Distilled water . . - 

Sea water • - * * - 

Wftterfirom the Asphaltic 

Sea - - ^ - - - 

ACIDS. 

Sulphuric 9cid of com- 
merce ^ - - . . 
Sulphuric acid) real - - 
Nitric acid - - - - 
Muriatic acid .... 
Concentrated acetic ai:id 



Si 



Iwdfic 
Onv. 



2 732j 
2.8922 



2.4882 
3.3203 
2 38471 



ETHEREAL OILS. 

Oil of cinnamon - • 
Oil of cloves - - , . 
Oil of lavender - ■ 
Spirit of turpentine < 






1.9907 

1714 

1.3292 

1.0780 

0.441 

0,708 

0.9887 

0.8970 



. FAT OILS. 

I Linseed oil . - . 
Poppy oil - - - , 
Oil of sweet almonds 
Olive oil - - . - 



Spedik 

GfBT. 



10439 
1 .0363 
0.89S8 
0*8697 



9403 



1 .0000 
KQ263 

1.2403 



-I 0.9288 
- 0.9170 
0.9153 



spiRiTtrops Liquina. 
Madeira Wipe - • 
CJyder .;.--. 
£|roWn beer - • - 
iQurgundy wine - - 
Ghampagne wine 
^randy - - - - - 
Alcohol* ~ - - - - 
Nitric ether - • . 
Acetie ether - • « 
Sulp^iuric ethert - - 
Muriatic ether • - 



1.8500 
2 1250 
1.5800 
1.1940 
1.0626 



ANIlf AL FLUIDS. 

Asses' milk - - . 

Cows' milk - - . 

Human milk - - - 

Human urine -^ - - 

ANIMAL FATS. 

Spermaceti r - - 

Butter 

Tallow - - - - . 

Mutton suet - - . 

Train oil - - - ^ 

Hogs' lard - - - - 

Ivory - ^- - . « 

Bees' wax -^ » . » 



U0355 
1.0324 
1.0303 
1.01061 



0.9433 

0.9423 

0.9419 

0.9235 

0.9235 

0.9568 

1.825 

0.964 



- 1.0382 
1.0181 
1.0338 
0.9915 
0.962 

0.8371 
0.8293 
0.9088 
08664 
0.7396 



- |0.7296|Benzoe - 



GUMS. 

Common gum . - . 
Gum Arabic - - . . 
Gum tragacanth - - - 

(^UM RESINS. 

AsafoBUda -'---. 

Scammonium, from Smyr 
na ...... 

Galbanuih ..»•.. 

EBSINS. 

Guaiacum -.:--. 
Jalap * , 

Ammoniacum - • . 



• 



1.4817 
1.4523 
1.3161 



- 



1-3275 

1 .3743 
1.2120 



1.3389 

1.3185 
1.3(^1 
1.092 



Per Chansiier 0.7980. 



t/'€rLoTits 0.6390. 



SPECIFIC OBvAVITIES. 
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Table of Sfiecific-^GravUit^ of Solid and Liquid Sudstancesy- 

Continued 



iac 



RSSINS. 

Saod^iic . - . - 

White resin - - - 

Colophony - - - - 

Mastich - - - - 

Copal, transparent - 

Elastic resin - • - 

IMSnsSATBP JUICES. 

Aloe ^uecotfina - - 

Opium - - - - - 



Specini 
GnV. 



WOODS. 

Lignum guaiacum - 
Box wood, Dutch 
French box wood 
Ebony . . . - . 
Heart of old oak "- - 



1.0920 
1.0819 
1.0441 
1.0742 
U045^ 
0.9335 



1.3795 
l.S36a 



Speeifie 



wooos. 
Mahogany - • - - - 1.063 
Olive tree - - - - - 0.9270 
Mulberry tree, Spanish 0.8970 
Beech tree - - - - 0.8520 
JYew tree, Spanish - - 0.8070 
Apple tree ... - 0.7930 
Plum tree . - . . 0.7850 
Maple tree - • - - 0.7550 
Cherry tree - - 7 - 0.7150 
Quince tree i • " " * 0.7050 
Orange tree - - - - 0,7050 
I Walnut tree - - - - 0.6710 
1.3330 Pear tree • -. - - -0.6610 
1.3280 ♦Cypress, Spanish - - 0.6440 
0.912 Pine tree - .... 0.5500 
t .12090 White Spiinish poplar tree 0,5294 
l.l70o|Cork - |d.2400 



Xll^-^Rule€ for Calculating the Abaolute from the Sfieeific Gravities 

0/ Bodies. 

In 1696, Mr. Everard, balance maker to the Exchequer, weighed 
before the commissioners of t^e House of Commons 2145.6 cubical 
inches, by the Exchequer standard foot, of distilled water, at the 
temperature of 55^ of Fahrenheit, and found it to weigh 1131 oz. 
14 dtd. troy, of the Exchequer standarcl. The beam turned with 6 
grs. when loaded with 30 pdunds in each scale. Hence, supposing 
the pound avoirdupois to weigh 7000 grs. troy, a cubic foot of water 
weighs 62^ pounds avoirdupois, or 1000 ounces avoirdupois, want- 
ing 106^rains troy. And hence, if the specific gravity of water be 
called 1000, the proportional specific gravities of all other bodies 
will nearly ' express the number of avoirdupois ounces in a cubic 
foot. . Or, mpre accurately, supposing the specific gravity of water 
expressed by I, aad of all other bodies in proportional numbers, as 
the cubic foot of water weighs, at the above temperature, exactly 
437489.4 grains troy^and the ciEibip inch of water 253.175 grains, the 
absolute weight of a cubical foot or inch of any body in troy grains 
may be found by multiplying their sfiiecific gravity by either of th€» 
above numbers respectively. 

By Everard's Experiment, and the proportions of the English 
and French foot, arestablished by the Royal Society and French 
Academy of Sciences, the following numbers are ascertained. 

Paris grains in a Paris cube foot of water 
SogUsh graiDft in a Paris cube foot of water 



«• m 



= 6455 1 1 
n 529922 



•102 



1 
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= 533247 

ZZ 437489.4 
— 253.175 



641326 

641376 
' 641656 



Pafiris grains in an English cube foot of water - - 
Eqfglish grains in an English cube foot of water 
Etiglish graiqs in an English cube inch of water - 
By an experiment of Picard with the measure and 
weight of the Chatelet, the Paris cube foot ofwa<r 

ter contains of Paris grains - 

By one of Du Hamel, made with great care - r 
By Homberg ---.i-.-.---- 

These show some uncertainty in measure or in weights ; but 
the above computation from Everard's experiment may be relied 
on, because the comparison of the foot of England wi^h that of 
France was made by the joint labour of the Royal Society of Lon- 
don and the French Academy of Sciences : it agrees likewise very 
nearly with the weight assigned by M. Lavoisier, 70 Paris poinds 
to the cubical foot of water. 

XllI.^^TMe for reducing the Degrees o/'Baume*9 Hydrometer r# 

the Common Standard, 

Baume's Hydrometer for Liquids lighter than Water. 





Temperature 55° Fahr< 


enheitj or 


l(P ReaujDD 


tur. 




Deg. 


Sp. Gr. 


Dejj. - Sp. Gp. 


Deg. 


Sp. Gr. 


Deg. 


Sp.Gr. 


10 - 


- 1.000 


18 - • .942 


26 - 


- .892 


34 - 


. .847 


11 - 


- .990 


19 - - .935 


27 - 


- .886 


35 . 


• .842 


12 . 


- .985 


20. . - .928 


28 - 


.. .880 


36 - 


- .837 


13 - 


- .977 


21 . - .922 


29 - 


- .874 


37 - 


-' .832 


14 - 


- - .970 


22 - - .915 

1 


30 . 


- .867 


33 - 


. .827 


15 . 


- .96a 


23 - - .909 


31 - 


. .861 


39 - 


- .822 


16 . 


- .955 


24 - - .903 


32 . 


- .856 


40 - 


. .817 


\r . 


- .949 


25 - - .897 


33 . 


- .852 







Baume's Hydrometer for Liquids heavier than Water. 
Temperature 55^ Fahrenheit, or 10 Reaumur. 



Deg. 


Sp. Gr. 


Deg. 


Sp. Gr. 


Deg. 


Sp. Gr. 


Deg. 


Sp. Gr. 


- 


- 1.000 


•21 - 


- 1.170 


42 -, 


- 1.414 


63 - 


- 1.779 


.3 . 


. 1.020 


24 - 


- 1.200 


45 - 


• 1.455 


66 - 


• 1.848 


6 - 


- 1.040 


27 - 


- 1.230 


48 - 


- 1.500 


69 - 


- 1.920 


9 - 


T 1.064 


30 . 


- 1.261 


51 - 


- 1.547 


72 . 


. 2.000 


12 - 


. K089 33 - 


- 1.295 


54 - 


- 1.594 






15 - 


. 1.114 1 36 . 


- 1.333 


57 . 


• 1.659 






18 - 


. 1.140 


39 . 


- 1.373 


60 - 


. 1.717 
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No. 11. 

ADMEASUREMENT AND EFFECTS OF HEAT. 



l.-^Corresfiondence between different Thermometers* 

Fahrenheit's thermometer is universally used irv this kingdom. 
In this instrument the range between the freezing and boiling 
points of water is divided into 180^; and as the greatest possible 
degree of cold was supposed to be that produced bf mixing snow 
pr muriate of soda, it was noade ifie ze^ro. Hence the freezing 
point became 32", and the boiling point 212**. 

/The Centrigrade thermometer places the zero at the freezing 
point, and divides the range between it and the boiling ix>int into 
l.OO**. This has long been usc(i in Sweden under the title of Cel- 
sius's thermoitieter. 

Reaumur's thermometer, which was formerly used in France,' 
divides the space between the /reezing and boiling of water into 
8a", ai^d places the zero at the freezing point. 

Wedgwood's pyrometer is only intended to measure very high 
temperatures. Its iero corresponds with 1077® of Fahrenheit's, 
and each degree of Wedgwood is equal to 130" of Fahrenheit. 

De Lisle's thejrmoroeter is used in Russia. The graduation be- 
gins at the boiling ..point, and increases towards the freezing point. 
The boiling point is marked Q, and the freezing point 1 50". 

18 

Therefore 180" F. « 100" C. a 80" R. c= 150" D er~W. 

1. To reduce ce^ntrigrade degrees to those of Fahrenheit, multi- 

C X 9 

ply by 9 j^nd divide by 5,.and to the quotient add 32, that is, ^ 
+ 32 « F. ^ 

2. To reduce Fahrenheit's degrees to centrigrade ^ a=C. 

3. -To reduce Reaumur's to Fahrenheit's, we have the following 

formula, ^^^ -j- 32 =,F. 

'p 32 X 4 

4, To convert Fahrenheit to Reaumur, -^ — g « R. 

6k To reduce De Lisle's degrees under the bbiling point, we have 

F. sa 312 -"^ — ~ — ' To reduce those above the boiling point, 

6. And, inversely, to reduce Fahrenheit's degrees to De Lisle's, 

1060 — 5 F 

under the boiling point, ' ^ ^sasD,; above the boiling point, 

F. X 5 - 1060 ^ 
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7. To redace Wedgwood's degrees to those of Fahrenheit, we 
have W.X 130+ 107r= F. 

• F ^ 1077 

8. Inversely, to reduce Fahrenheit to Wedgwood,-^-T^= — =W. 



Table showing the Corres/ipndenie between the Degrees of Fahreti' 
heit'a Thermometer and the new Scale of Mr, Dalton. 

(See vol. iyp. 81.) 



Fahrenheit's 
Scale. 



40. 

21.12 

17.06 

13.96 

8.52 

3.76 

1.34 

6.78 

12.63 

18.74 

25.21 



Fahrenheit's Scale, 
corrected for the 
Expansion of Glass. 



True equal In* 
tervals of Tem- 
perature. 



-/ ♦- 



— 175 

— 68 

— 58 

— 48 

— 38 

— 28 
^ 18 
^ 8 
.j. 2 

13 
22 



32. 

39.1 

46.6 

54.44 

62.55 

71.04 

79.84 

89.02 



32. 

39.3 

47. 

55. 

63.3 

72. 

81. 

90.4 



93.49 --.--, 101. 1 

...... no. 

...-.-- 120.1 

-.-.-*- 1 30.4 

HI.! 

.-.--- 152. 

- ----- 163.3 

- - . . ^ . 178. 

186.9 

- 199.2 

-...,-. 212. 



108.3 
118.5 

. 129. 
139.9 

. 151. 
162.4 
177.4 
186.5 
199. 
212. 

359.1 
539.8 
754.7 

1000. 

1285. 



A m 



52 
42 
52 
62 
72 
82 
92 
102 

113 
123 
132 
142 
152 
162 
172 
182 
192 
202 
212 

318 
412 

51^ 
612 
712 



ITABLK Of THE EFFECTS OF BS^T. 
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Fahrenheit. 

^^ 55 

46 

39 

36 

22 

11 

7 

+ 1 

16 

20 

33 

25 
2S 
30 
32 

36 
46 
64 



40 

«2 

97 

90 

104 

109 

112 



H\^Table of the Effects of Heat. 

r 

l.^^Freezin^P^oinU of Liquids* 

Strongest nitric acid frceaes (Cavendish) 

Ether and liquid ammonia 

Mercury 

Sulphuric acid (Thompson) 

Acetous acid 

2 Alcohol, 1 water 

Brandy 

Strongest sulphuric acid (Cavendish) - 

Oil of turpentine (Macquer) 

Strong Wines ' 

Fluoric acid \ 

Oils bergamot and cinnamon 

Human blood 

Vinegar 

Milk 

Oxymuriatic acid 
Water 

Olive oil 

Sulphuricvacid, specific gravity 1.78 (Keir) 

Oil of anniseeds, 50 (Thompson) 

* 

. %'^MeUifig Points qf Solids. 

Equal parts of sulphur and phosphorus 

Adipocire of muscle 

Lard (Nicholson) 

Phosphorus . 

Resin of bile 

T^yrtle wax (Cadet) 

Spermaceti (Bostock) 






127 f 'fallbw (Nicholson) 92 (Thompson) 



149 
145 
155 
212 



B^es* waJL 
Ambergris (La Grange) 
Bleached wax (Nicholson) 
Bismuth 5 parts, tin 3, lead 2 



JPahren.l Wedg. I 



234 

235 

383 

303 

334. 

442 

460 



Vol. 



Sulphur (Hope) 212 (Fourc.) 185 (Kirw.) 
Adipocire of biliary calculi (Fourcroy) 
Tin and bismuth, equal parts 
Camphor 

Tin 3, lead 2, or tin 2, bismuth 1 
Tin (Chrichton) 413 (Irvine) 
Tin 1, lead 4 
IL 3F 



«0« 



AfPKKBnC. 



Fahren. 
476 


Wcdg. 


612 




680 




809 




3809 


21 


4587 


27 


4717 


22 


5237 


32 


17977 


130 


26S77 


150 


21097 


154 


21637 


. 158 


2.1877 


160 


23177 


+ 170 



98 

140 

145 

170 

176 

212 

219 

230 

242 

248 

283 

540 

554 

560 

570 

590 

600 

660 



— 90 
50 
23 

1 


* 43 






B^Q»yth (Irvine). 

Lead (Chrichton) 594 (try.) 540 (NewtOft) 

Zinc 

Antimony 

Brass 

Copper 

Silver 

Gold 

Cobalt 

Nickel 

Soft n&ils 

Iron' 

Manganese 

Platinum, tungsten, molybdenaj uraniqiUi tit&ni 
ura, &c. 



3. Solids and Liquida volatilized. 

Ether boils 
Liquid ammonia boils 
Camphor sublimes rVcnturi) 
Sulphur evaporates ^Kirwan) 
Alcohol bpils, 174 (Black) 
Water and essential oils boil 
Phosphorus distils (PelietierJ 
Muriate of linte boils (D^lton) 
Nitrous acid boils ^ 

Nitric acid toils 
White arsenic sublimes , 
Metallic arsenic sublimes 
Phosphorus boils 

Oil of turpentine boils, aboqt 2 12*^ (Dajlon) 
Sulphur boils 

Sulphuric acid boils (Daltoh) 546 (Black) 
Linseed oil boils, sulphur sublimes (%vy) 
Mercury boils (Dalton) 644 (Seoondaij 60a(BIack^ 
672 (Irvine) • , 



4. Miscellaneous Effects of Heat. 

Greatest cold produced by Mr. Walker 
Natural cold produced at Hudsou's Bay 
Observed on the surface of the $|iqw at QIasgo#r 

17«) 
At Glasgo\r, 1780 
Equal parts, snow and salt 
Phosphorus bjm*a& slowly 



KIS«BLLAIIZ6U6 SFFEdTS OF HEAT. 
/ 



4o7 



Fahren. 


Wedg. 


59 




66 




75 




t7 




80 




«8 




96 




107 




122 




165 




303 




635 




800 




802 


- 


1050 


' 


1207 


1 


1337 


+ 2 


1857 


6 


3897 


14 


6277 


40 


6487 


57 


10177 


70 


12257 


86 


13297 


94 


14337 


.102 


14727 


105 


15637 


112 


15897 


114 


16007 


121 


• 1 6807 


124 


17327 


125 


20577 


150 


25127 


185 



Vinous fermentation begins 

to 135 Animal putrefacuon ^ 

to 80, Summer heat in this climate 

Vinous fermentation iwpAy acetous begins 

Phosphorus burns in oxygen, 104 (Gottling) 

Acetiftcation ceases 

to 100 AtumaltetopeTature 

Feteriih heat ** 

Phosphorus burfes yiviaiy (Foufcroy) 14B (tliom- 

sbn) 
Albumen co^gulutes, 15^ (Black) 

SoI)>h<lr bums slowly 

Lowest heat of ig^nition of iroh in thte dark ' 

Hydrogen burnsj, 1 000 (t*homsi)n) 

Charcdal burns (Thomson) 

Iron red in twilight 

Iron r€d in day light 

Azotic gas bums 

Enamel colours burned 

Diamond burns (M'Kenzie) SO W, ^ 500d F 

(Morveau) 
Delft ware fired 
Working heat of plate glass 
Flint glass furnace 
Cream-coloured ware fired 
Worcester china vitrified 
Stone ware fired 

Chelsea china fired " ' 

Derby china fired 
Flint glass furnace greatest heat 
Bow china vitrified 

Plate glass greatest heat - ^ 

Smith's forge 
Hessian crucible fused ^ 
Greatest heat observed 
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4PPENDIS:. 



llh'^Tabie tf the Force of Steam at different 7 emfieraturcB of 
Fahrenheit's Scale /roni actual Exfieriment* 



(Betancoui^ in Proney's Architecture Hydraulique.) 



Tempera- 
ture. 

42 

53 

62 

72 

82 

92 . 
, 102 
112 
122 
132 
142 
152. 



Force in English 

Inches of Mercury. 

. . 

. - .08 

- - .21 ' 
. - .38 

- - .58 

• • .sr 

- - 1,26 

- - 1.74 

- - 2.37 

- - 3.16 

- - 4.16 

- - 5.43 

- - 7.00 



Tempera- 
ture. 

162 - 

172 . 

182 - 

192 - 

202 - 
212 •- 

222 - 

232 - 

242 - 

252 • 

262 - 

272 - 

282 - 



Force in Engfiih 

Inches of Mercttry. 

- . 9.07 



11.0 
14.9 
18.r 
23.7 
29.a 
37.4 
46.5 

57;S 

69.7 
83.6 
97.1 
108. 



EXPANSiaN OF AIR BT HBAT. 
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IV.— rad/tf of the Exfianaion of A\t by Heat. 











(fiy 


Mr. Dalton.) 










Ffthren 


• 


Ml 


^ 


Fahren 


• 






Fahren 


• 






33 


- 


m 


1000 


59 


- 


« 


1064 


86 


m 


- 


1123 


33 


m 


. 


1003 


60 


- 


m 


1066 


87 


m 


-' 


1125 


34 


. 


m 


1004 


61 


- 


m 


1069 


88 


- 


m 


1128 


35 


. 


J 


1007 ' 


62 


- 


m 


1071 


89 


t 




1130 


36 


- 


m 


1009 


63 


- 


im 


1073 


90 


- 


m 


1133 


37 


- 


- 


1013 


64 


m 


m 


1075 , 


91 


- 


.- 


1134 


38 


- 


- 


1015 


65 


- 


- 


1077 


93 


- 


•* 


1136 


39 


- 


- 


1018 


66 


- 


«• 


1080 


93 


- 


. - 


1138 


40 


. 


. 


1021 


67 


- 


- 


1082 


94 


- 


- 


1140 


41 


• 


. 


1023 


68 


- 


• 


1084 


95 


m 


* 


1143 


43 


m 


- 


1025 


69 




- 


1087 


96 


- 


- 


1144 


43 


- 


. 


1027 


70 


*- 


• 


1089 


97 


- 


/ 


1146 


44 


. 


. 


1030 


71 


- 


w 


1091 


9$ 


t 


- 


114g 


4^ 


. 


•' 


1032 


72 


- 


- 


1093 


99 


m 


- 


1150 


46 


. 


• - 


1034 


73 


- 


• 


1095 


100 


- 


- 


1153 


47 


.- 


• 


1030 


74 


- 


m 


1097 


110 


- 


- 


1173 


41 


_ 


- 


1038 


75 


9 

^ 


- 


1099 


120 


- 


- 


1194 


49 


>. 


^ 


1041 


76 


1 • 


m 


UOl 


130 


• 


- 


1215 


50 


. 


«• 


1043 


77 


- 


.' 


1104 


140 


- 


d 


1235 


51 


- 


- 


1045 


78 


- 


• 


1106 


150 


- 


- 


1255 


52 


- 


- 


1047 


79 


• 


- 


1108 


160 


• 


m 


1275 


53 


• 


- 


1050 


80 


- 


• 


1110 


170 


• 


- 


1295 


54 


» 


- 


1052 


81 


. 


- 


1113 


180 


- 


^ 


1315 


55 


-' 


m 


1055 


82 


- 


• 


1114 


190 


• 


- 


1334 


56 


- 


- 


1057 


83 


- 


- 


1116 


200 


- 


•V 


1354 


57 


- 


w 


1059 


84 


- 


. 


1118 


210 


m 


^ 


1373 


5B 


. 


• 


1063 . 


85 


• 


im 


1131 


213 


- 


- 


1376 
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W.'^TabU of the Expansion of Liquida by Heat, 



Temp. 


Mercury. 


Linseed 
Oil. 


Sulphu- 
ric Acid. 


Nitric 
Acid. 


Water. 


Oil of 
Ttarpen- 


AkohoL 


32<» 

40 

50 

60 

70 

80 

90 

100 

110 

120 

130 

140 

150 

160 

170 

180 

190 

200 

212 


100000 

100081 

100183 

100304 

100406 

100508 

100610 

100712 

100813 

100915 

101017 

101119 

101220 

101322 

101424 

101526" 

iwl628 

101730 

101835 


100000 

« • « 
" / " * 

* w * 

* * • 

102760 

«• ■■ A 
« A • 

^ V Jft 

« • M # 

* • it 

107250 




■ 




100000 
100539 
101105 
101688 
102281 
102890 
103^17 
104162 


99752 
100000 
100279 
100558 
100806 
101054 
1013X7 
101540 
101834 
102' }97 
102320 
102614 
102893 
103116 
108339 
103587 
103911 


99514 
100000 
100486 
100990 
101530 
102086 
102620 
103196 
103778 
l'>4352 
1^133 






100023 
100091 
100197 
100332 
100694 
100908 

101404 

vmxr 


100000 
100460 
100993 
101471 
101931 
102446 
102943 
103421 
103954 
103573 






















- - • 


103617 


• % • 


. - - 




104577 


- . - 


- - - 







VI. — Table oftht Exfiomion of Water by Heat, 
(From Mr. Daltoil's N^w System of Chemical Philosophy.) 



Temperature. 


Expansion. 


Temperature. 


Expansion. 


12^ Vahretiheit. 


100236 


1220 iTahrenheit. 


> 101116 


,22 


100090 


132 


101367 


32 


. 100022 


142 . 


101638 


42 


100000 


152 


101934 


52 


100021 


162 


102245 


62 


100083 


172 


102575 


72 


100180 


182 


102916 


82 


100312 


192 


103265 


92 


100477 


202 


103634 


102 


100672 


212 


104012 


112 


10088v> 







EXPANSION or SOLIBSl BY HSAT. 
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yiU^i^Table of the Exfiansion ofSolid$ by Heat, 



J, 



Temp. 



Plati- 
num.* 



32« 



120000 
120104 



White ^ 
heat til 



Antimon. 



120000 
1201^ 



Steel. 



130000 
120147 

123428 



I 



Iron. 



120000 
120151 

121500 



Cast 
Iron. 



120000 
122571 



Bismuth. 



1^0000 
120167 



32«» 
212 



Copper. 



120000 
120204 



Cast 
Brass. 



120000 
120225 



lirass 

Wire. 



Tin: 



120000 
120232 



120000 
120298 



Lead. 



120000 
120344 



2iiici 



120000 
120355 



•*»■ 



32« 
212 



Hamra^ 
Zinc. 



Zinc 8 
Tin 1 



Lead 2 
Tin 1 



120000 
120373 



120000 
120323 



120000 
120301 



Brass 2 
Zinc 1 



Pewter. 



120000 
120274 



1200UQ 
120274 



Copper 3 
Tin* 1 



120000 
120218 



J^fiangion of Glass. 



Temp. 


Bulk. 


Temp. 


Bulk. 


Temp. 


Bulk. 


32<' ' 

50 

70 


100000 
100006 
100014 


■ 100° 
120 
150 


. 100023 
100033 
100044 


167*» 

190 

212 


100056 
100069 
100083 



* Borda. f Rinman. 

i The metal, whose expansion is here g^ren, was an alloy composed of three 
parts of copper, and one of tin The figures in some of the preceding column» 
are to be undejpstood.in the same manner. Thus, in the last column but twOr 
the metal consisted of two parts of brass, alloyed with one of zinc. 
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APPEKDXX. 



VJiL'-^Tablfs exhibiting a collective 'View qf all the Frigorific Mr- 
lure* contained in Mr, Walker*^ Piiblicatioriy 1808. 

(CommuQicated by Mr. Walker.) 

' 1.— Tbd/if, consisting of Frigorific Mixtures^ having the Power of 
generating, or creating Cold., without the jiid of Ice j sufficient for 
all useful and philosophical Purposes^ m any Part of the World at 
any Season, 

Frigorific Mixtures without Ice. 



MIXTURES. 



Muriate of ammonia 5 parts 
Nitrate of potash - - 5 
Water 16 



Thermometer sinks. 



Muriate of ammonia 5 parts 
Nitrate of potash - - 5 
Sulphate Of soda - - 8 
Water ----- 16 



Nitrate of ammonia - 1 part 
Water 1 



Nitrate of ammonia - 1 part 
Carbonate of soda - 1 
Water 1 



From+50Pto-f-iO^ 



Deg. of cold 
produced. 



From rt SO^ to + 4° 



From 4- 50** to -f 4° 



40 



46 



Sulphate of sodii ^:- 3 parts 
Diluted nitric acid - 2 



Sulphate of soda - - 6 parts 
S^uriate of ammonia - 4 
Nitrate of potash - -2 
Diluted nitric acid - 4 



Sulphate of soda . . 6 parts 
Nitrate of ammonia - 5 
Diluted nitric acid - 4 



Phosphate of soda . - 9 parts 
Diluted nitric acid - 4 



Phosphate of sod^ - 9 parts 
Nitrate of ammonia - 6 
Diluted nitric aoid - 4 



Sulphate of soda - - 8 parts 
Muriatic acid - . - 5 



From -f iSO" to — 7**' 



Fi^m + 30^to^ 3° 



46 



57 



S3 



From + 50^ to — 10*^ 



From 4- 50° to — 14"= 



60 



From + S(P to — 12« 



From -f- 50^ to — 21° 



From -f- 50® to 0'=' 



Sulphate of soda - - 5 parts 
Diluted sulphuric acid 4 



64 



63 



n 



so 



From -f 50° to + 3° 47 



' * ®^"r^J?^^t\^^"*J* are mixed at a warmer temperature, than that ex- 
pressed in the Table, the effect will be proportionabfy greater ; thus, if the 
most powerful of these mixtures be made, when the air U + 85^, it will fio^ 
the thermometer to + 2®. r t 



PRtCOlllflO BtlXTURBS. 



- 4ia 



2.— Jbd/*, consisting qfTttgorific Mi^iUrea^ composed of IcCywUh 

Cheinical Salts and Acids. 

Fjcigorific Mixtures with Iceu 



MIXTURES. 



Snow, or pounded ice 2 parts 
Muriate of soda . - 1 



Snow, or pounded ice 5 parts 
Muriate of soda . - 2 
Muriate of ammonia - 1 



Snow, or pounded ice 24 parts 
Muriate of soda - - 10 
Muriate of ammonia- 5 
Nitrate of potash - . 5 



Snow, or pounded ice 12 parts 
Muriate of soda - • 5 
Nitrate of ammonia - 5 



Snow ----- 3 parts 
Diluted sulphuric acid 2 



Sriow - - - . - - 8 parts 
Muriatic acid « . . 5 



Snow /parts 

Diluted nitric acid - 4 



- 



Snow 4 parts 

Muriate of lime - - 5 



Siiow ----- 2 p9U*ts 
Chryst. muriate of lime 3 



Snow 3 parts 

Potash ----- 4 



Thenttometer sinks. 



Deg.bfcold 
produced. 



to — 50 



to — a2«» 




to — 18<> 



to — 25° 



From -H 320 to — SS** 



From -I- 32*» to — 27"= 



Fi!om + 32° to — 30° 



From -+. 32<' to — 40° 



From -h 33° to — 50* 



From + 82° to — 51° 



55 



59 



62 



n 



82 



83 



N. B.— The reason for the omissions in the last column of this Table, ie^ the 
thermometer sinking in these mixtures to the degree mentioned in the pre- 
ceding column, and never lower, whatever mvy be the temperature of the ma- 
terials at mixing. 



\^ 
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APPKNDIX. 



3..^7>i5/^ coneiating^ of Frigorific Mixtures^ aetected from the Jm' 
going Tables^ and combined^ 90 as to increase or extend Cold to 
the extretneitt Degrees. 

« 
Combin&Uona of Frigorific Mixtures. 



MIXTURES. 



Phosphate of soda - . 5 parts 
Nitrate of ammonia - 3 
Dihited nitric acid - 4 



Phosphate of soda - 3 parts 
Nitrate of ammonia - 2 
Diluted mixed acids - 4 



Snow .--,..- 3 parts 
Diluted nitric acid - 2 



Snow * .... 8 parts 
Diluted sulphuric acid 3 
Diluted nitric acid - 3 



Snow 



1 part 

Diluted sulphuric acid 1 



Snow - - -• 
Muriate of Ume 



3 parts 
4 



Snow . - - 
Muriate of lime 



3 parts 

4 



Snow 2 parts 

Muriate of lime - - 3 



Snow 1 part 

Chryst. muriate of lime 2 



Snow 1 part 

Chryst. muriate of lime 3 

— ■ — ■ 



Snow 8 p aj 

Diluted sulphuric acid 10 



Thermometer sinks. 



FromOO'to — 34» 



Froip — 34° to — 50* 



From 0® to — 46<» 



From — lO^to— 56<» 



From — 20^ to — 60** 



From' 4- 20<> to ■— 48° 



From-l-lOOto — 54® 



From — 15® to — 68® 



From 0® to — 66® 



From — 40® to — 73^" 



From — 68® to -^91® 



Beg. of cold 
produced. 



34 



16 



46 



46 



40 



68 



64 



66 

33 



N. B.— The materials in the first column, are to be cooled, previously t« 
mixmg-, to the temperature required, by mixtures taken from eitherof t!)e pre- 
ceding tables. 



SPECIFIC HEATS. 
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IJL.^^Table of S/iecific JIea(9^/rom Mr, Dalton^a J^ew Syttem of 

Chemical Philaaofihyy Part I. 



GASES. 



Hydrogen - - . 
Oxygen - - 
Common air - • 
Carbonic acicl 
Azotic o^ - * 
Aqueous vapour 



Liquids. 



Water - 

Arterial blood ..... 
Milk (1.026) ..... 
Carbonate of aminoii. (1.035) 
Carbonate of potash (1.30) - 
Solution of ammonia (.948) 
Common vinegar (1.02) 
Venus blood -.--'.- 
Solut. of common salt ( 1.197) 
Solut. of sugar (1.17)- - - 



£q. 

Wts. 

21.40 
4.75 
1.79 
1.05 
.79 
1.55 



fid (1.30) - - - 
nd (1.36) - - . 
of lime (1.40) . 



Nitric acid (1.21 
Nitric acid (1.30] 
Nitric acid 
Nitrate of lime 

Sulph. acid and water, equal p. 
Muriatic acid (1.153) 
Acetic acid (1.056) - 
Sulphuric acid (1.844) 
Alcohol (.85) . - - 
Alcohol (.817) . - - 
Sulphuric ether (.76) 
Spermaceti oil (.87) - 
Mercury 



1.00 


1.00 


1.03 




.98 


1.00 


.95 


.98 


.75 


.98 


1.03 


.98 


.92 


.94 


.89 


, 


.78 


.93 


.77 


.90 


.76 


.96 


.68 


.88 


.63 


.85 


.62 


.87 


.52 


.80 


.60 


.70 


.66 


.70 


.35 


.65 


.76 


.65 


.70 


.57 


.66 


.50 


.52 


.45 


.04 


.55 



Eq.lf SOLIDS. 
Blks. 

.002 Ice 

.006 Dried woods, and 

002 other vegetable 

.002 substances, from 

.001 .45 to 

.001 Quicklime 

Pit-coal (1.27). 
Charcoal . - • 
Chalk .... 
Hydrat. Ume 
Flint glass (2.17) 
Muriate of soda . 
Sulphur ... 
Iron . . - - 
Brass - - - . 
Copper - . - 
Nickel - . - - 
Zinc - - . - 
Silver . - . - 
Tin - - - - - 
Antimony . - - 
Gold .... 
Lead . - - - 
Bismuth -, > . 

O^des of the 
metals surpass the 
metals themselves, 
according to Craw. 
ford; 



Eq. 
Wts. 
.90.? 



.65 
.30 
.28 
.26 
.27 
.25 
.19 
.23 
.19 
.13 
.11 
.11 
.10 
.10 
.08 
.07 
.06 
.05 
04 
.04 



Eq. 
Blks 

.83 



.36 
.67 
55 



LOO 
.97 
.98 
.78 
.69 
.84 

.51 

40 
97 
45 
.40 



' 



416 



Afff^mmt- 



No. III. 
L'^Tatle of the SolubUity of Saltj^ in Water* 



m p' 



1IAMB8 OF SALTS' 



ACI9S. 



Arsenic - • 
Benzoic - > 
Boracic - - 
Camphoric • 
Citric - - . 
Gallic . - - 
Mucic - . - 
Molfbdenic - 
Oxalic • 1 - 
Suberic - ^ «< 
Succinic - - 
Tartaric - * * 



•♦ . - 



SALXFXABLB BA$«6. 



Barytes - - - - 
crystallised 
Lime - - - - - 
Potash - - - - 
Soda - - • - . 
Strontites - - . 
crystallized 



■I " 



SALTS, 

Acetate of ammonia 
barytes - 
lime " * 
magnesia 
potash - 
soda - - 



strontites - 



Solubility in 100 Parts 
. Water. 

At 60° At212<» 



150. 
0.^08 

133. 
, 8.3 
0.84 

50. 
Q.d9 

4. • 

Very soluble 



5. 
57. 

o.d 

Very soluble 
dlo. 
0.6 



Very soluble 

do. 

do. 

do. 
200. 
Very soluble 



4.17 
2. 

200, 

66. 

1.25 

0.1 

100. 

50. 

.50. 



50. , 
Unlimited 



50. 



40. 



^ 



SOLUBILITY or SALTS IN WATXB. 



4,17 



Takle of the SoluditUff 0/ Salts in IVafer, — Continued. 



■*■•■ 



\ 



NAMES OF SALTS. 



I ■ ^ 



SALTS. 

Carbonate of ammonif . - 

barytes - - 
lime - • - 

magnesia - 

potasb • - 

soda «> . • 

, sjtrontites - 

Camphorate of ammonia - 

barytes 
lime - - 
potash 
Citrate of soda .... 
lime .... 
Hyper-oxymuriate of barytes 

mercury 

potash 

soda - 

Muriate of ammbnia - - - 

barytes - - - 

lead * . . . 

lime ^ . . . 

magnesia - • • 

mercury - - - 

potash .... 

silver - . - . 

soda .... 

strontites - - • 

Nitrate of ammonia. - - • 

barytes - ^ - . 

lime - . - 

magnesia - 

potash « " 

^ soda - . . 

strontites 

Oxalate-of strontites - 

Phosphate of ammonia 

barytes - 
lime - - 
magnesia 



■I . 



Soluble in 100 Parts 
Water. 



At 60*» 



+30, 

Insoluble 
do. 
2. 

25. 
50. 

Insoluble 
1. 

0.16 
0.5 
S3. 
60. 
Insoluble 
35. 
25. 
6. 
35. 
33. 

do. 

4.5 
300. 
100. 

5. 
33. 

3542 
150. 

50. 

8. 

400. 

100. 

14.35 

33. 

lod. 

25. 
a 
0. 

6.6 



At 212^ 



100. 



83. 
+ 100, 



33. 



+ 33. 



+ 25. 

40. 

+ 35. 

100. 

♦+ 20. 



*# 50. 



36.16 
Ufilimited 
200, 
25. 

+ 100. 

100. 
4. 100. 

200. 

+ 25. 
0. 
0. 
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AVPKNDIX. 



Table of the SclubilUy of Salts in WateTf^Contmued. 



NAMES OF SALTS. 




SALTS. 

Phosphate of potash - . .. . 

soda - . - - - 

strontites - .. - 

Phosphite of ammonia - - - 

barytes - - - - 

potash - . - - 

Sulphate of ammonia - - - 

barytes . - - - 

copper - - - - 

iron 

lead - - - / - - 

lime - - - • - 

magnesia - - - . 

potash - - - - - 

soda - ^ - - . 

strontites - - - - 

Sulphite of ammonia - - - - 

lime - - - • . 

' magnesia - - - - 

potash 

soda - - - - - 

Saccholactate of potash - - - 

♦*" soda - - - - 

Sub*borate of soda (borax) • - 

Super-sulphate Of alumine -and 

potash (alum) - - . - - 

potash - - 

Super-oxalate of potash - - - 

tartrate of potash - - - 

Tartrate of potash - - - - , 

and soda - - 
aiitimony and potash 



Very soluble 
• 25. 

. 0. 
50.i 

0. 
33. 
50. 

0.002 

25. 
50. 

0.3 
100. 

6.25 
37. 

0. 

100. ' 

- 0.135 

5. 

100. 

25. 



84 



5. 
- 50. 



1 3 

25. 
20. 
6.6 



50. 

0. 

+ 50. 

-I- 33.. 
100. 

50. 
+ 100. 

0.22 
133. 
20. 
125. 

0.02 



100. 
13. 
20. 
16.8 

133. 
+ 100. 
10. 
3.i 



33. 



SOLUBILITY OF SALT^ IN ALCOHOL. 
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II. Table of Substances solublp in Alcohol. 



A'AME^ OF SUBSTANCES. 



Acetate of copper - - • 

soda - • "; 

Arsenate of potash - - 

soda 7 .- - 

Boracic acid - r.i - * 

Camphar - - *- - ' 

Muriate of ammonia - - 

alumine - - 

copper - - 

iron " - " 

lime - - - 

magnesia - - 

mercury - - 

zinc - - - 

Nitrate of ammonia - - 

alumine - - 

cobalt - - - 

lime - - - - 

potash - - - 

silver - - - 

Supcinic acid -* - - - 

Sugar, refined - - - - 

Super-oxalate of potash - 

Tartrate of potash - - 



Tempera- 
ture. 






100 Parts Al- 
cohol di£so)ve. 



176° 


7.5 


176° 


46. 


do. 


3.75 


do. , 


1.7 


do. 


20. 


do. 


75. 


do. 


7. 


54^° 


100. 


176° 


lOQ. 


176*' 


100. 


do. 


100. 


do. 


547. 




88.3 . 


54^° 


100., 


176° 


893 


541° 


100. 


54i° 


109. 




125. 


176° 


2.9 ■: 


do. 


41.7 


do. 


1 74. 


do.. 


24.^ 




^.WHt 


t 


,o<*. 



Other substances soluble in alcohol.— All the acids, ex- 
cept the sulphuric, nitric, and oxymuriatic, which decompose it, 
and the phosphoric and metallic acids. — Potash, soda, and ammonia, 
very soluble. Soaps; extract; tan; volatile oils; adipocire ; re- 
sins ; urea. 

Substances insoluble, or vehy sparingly soluble in al- 
' coHOL.— Earths ; phosphoric and metallic acids ; almost all sul- 
phates and carbonates ; the titrates of lead and mercuiy ; the mu- 
riates of lead, silver, and soda ^the last fier Chenevix, sparingly 
soluble); the subborate of soda ; the tartrate of soda and potash, 
and snper-tartrate of potash; fixed oils; wax; starch; gum; ca- 
outchouc; woody fibre; gelatine; albumen, and gluten.' 
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APPBUDtX. 



III. — Dr. TVoliastofi'a J\/umerical Table of Chemical SguivalenfM. 

N. B. — Dr. Wollaston'fl numbers represent the weights of the atoms of bo* 
dies, oxygen being taken as unity. To reduce t|iem to Mr. Oalton's, multiply 
by 7 and divide by 10 > and to reduce them to the standard adopted Hi this 
Work, multiply by 7.5, and divide by 10. 



1. 
2. 
3. 
4. 
S. 

6. 
7. 

8. 
9. 

10. 
11. 
12. 
13. 

14. 

15. 
16. 
17. 
18. 
15. 
20. 
21. 
22. 

24. 
25. 
26. 



Hydrogen --..-- 1.32 

Oxygen 10.00 

Water ------. 11.32 

Carbon 7.54 

Carbonic acid (+ 20 oxy- 
gen) - - 2754 

Sulphur 20.00 

Biilpburic acid (+30 oxy- 
gen) 50.00 

Phosphorus ----- 17.40 
Phosphoric acid (+ 20 ox- 
ygen) ^ 37.40 

Azote or Nitrogen - - - 17 54 
Nitric acid (4- ^^ oxygen) 67-54 
Muriatic acid dry - - - - 34.10 
Oxymuriatic acid (+ 10 ox- 
ygen) 4410 

Chlorine 44. 10-f- 1.32 hy. 

P=i muriatic acid gas - - 45.42 

Oxalic acid 47.0 

Ammonia 21.5 

Soda 39.1 

Sodium ( — 10 oxygfen) - 29.1 

Potash ---,---- 591 

Potassium ( — 10 oxygen) - 49.1 

Magnesia - - - - .- - 24 6 

Lime r - 35.46 

Calcium ( — 10 oxygen) - 2546 

StroiJJiiteS - ----- - 69.00 

Barytes -----.-- 97.00 



10 



oJ:y- 



27, 
28. 



Iron 

Black o^ide (+ 
gen) - ^ - - 
Red oxide (+15 oxygen) 
Copper 



34.50 

44.50 
49.50 
40.00 



30. 
31. 
32. 






Black oxide (+10 oxygen) 50.00 

Zinc 41.00 

Oxide (+ 10 oxygen) - - 51.00 

Mercury 125.50 

Red oxide (+ 10 oxygen) 135.50 
Black oxide (+ 125.5 mer- 
cury) --..-, 261.00 

Lead - 129 50 

Litharge (+ 10 oxygen) - 139.50 
Silver ------- 135.00. 

Oxide (+ 10 oxygen) - - 145.00 
§ub-carbonate of ammonia 49.00 
Bi-carbonate (+ 27.5 par- 

bonic acid) - - - - 76.50 

Sub-carbonate of soda - - 66.60 



34. 



35. 
36. 
37. 
38. 
39. 



40. 

4L 

42. 



43. 



44. 
45. 
46. 

47. 
48. 
49. 
50. 



Bi-carbonate (+ 27.5 C. 

A. + 11.3 water - - - 105.50 
Sub-carbonate of potash - 86.00 
Bi-carbonate (+ 27.5 C. 



A. + 11.3 water). 
Carbonate of Kme • 
— — — barytes 
lead - 



-125.50 

63,00 
134.50 
167.00 

50.00 



Sulphuric acid dry - - 
Bo. 8 g. 1.850(50+11.3 

water) 61^ 

Sulphate^of soda (+ 10 

waters = 113.2) - - -202^ 
Sulphate of potash - -109.10 
Sulphate of magnesia dry 74.60 
Do. Crystallized (+ 7 

waters =79.3) - - -153.90 
Sulphate of lime dry • - 85.50 
Crystallized (+ 2 waters 

=s 22J54) - ... - 108.10 
Sulphate of strontites - 119.00 

»— barytes - - 147.00 

■■■ copper (1 acid 

+ 1 oxide + 5 water) 15660 
, iron (7 water) 17a80 



zinc (do.) - 180.20 

lead - . - 189.50 

Nitric acid dry - - - - 67.54 
Do. s. g. 150 (+2 water 

a= 22.64) 90.20 

51. Nitrate of soda - - , - - 106.€0 

^2. potash - - - 126.60 

53. lime - -' - - 103.00 

54. — ^- baryties - - - 164.50 

55, lead - - - - 207.00 

56. Muriate of ammonia - • 66.90 
57. soda - - - 73.20 

58. ^ potash - - - 93.20 

Oxy muriate of do. (+ 60 

oxygen) 153.20 

59. Muriate of lime - - -169.60 

60.—^ barytes- - -131.00 

61. : lead . - - - 173.60 

62. r— silver - - - ir9.l0 

63. mercijry - - 170.10 

64. Sub-muriate of do. (1 acid 

+ 1 oxygen +2 mere.) 296.10 

65. Phosphate of lead - - - 176.90 

66. Oxalate of lead - - - - 186.50 

67. Bin-oxalate of potash - - 153.00 
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TABLE OF CHBMICAL £qU)[VALENTS» 4Sl 

The following are the data on which the above Table is founded s 

I) 2, 3. The specific gravities of oxygen and hydrogen gases 
are taken on the authority of Biot and A^ago; and their propor-. 
tions in water at 88.286 to 1 1.714, which numbers are in the ratia 
of 10 to l.32r. 

4, :i. The specific gravities of oxygen, and carbonic acid gases 
are 1.1036 to 1.5196 , or as 20 (zz2 oxygen) to 27.54 ; and deduct* 
ing the oxygen, we obtain 7.54 for the equivalent of carbon. 

6. The equivalent of sulphur is inferred from fierzelius's analysis 
of galena, which makes the lead bear to the sulphur the proportion 
of 86;64 to 13.36, or of 129.5 to 20. • 

7; From the analysis of sulphate of barytes by Claproth, the sul- 
phuric acid is to the barytes as 34 to 66, or as 50 to 97. Deducting 
SO of oxygen, we again obtain 20 foi^ the equivalent of sulphur. 

8, 9. In phosphate of lead, according to Berzelius, the lithar^ 
is to the acid as 380.56 to 100, or as 139.5 to 37.4$ and deducting 
froip this last number 20 oxygen, we have 17.4 for the equivalent 
of pliosphorus. The same number is deducible, also', from £ose*ft' 
experiments on phosphoric acid. 

10. To obtain the equivalent of a^ote, ammonia is assumed to 
consist of 1 volume of azote, and 3 of hydrogen. And as the spe- * 
cific gravity of hydrogen was found by Biot and Arago tobe to that 
of azote as .07321 to .96913, these numbers will be in the propor- 
tion of 1.327 to 17.54; and 1.327 X 3 ZT 3.98 added to 17*54, the 
equivalent of azote, gives 21.52 forthe equivalent of ammonia. 

1 1 . The equivalent of nitric acid is deduced from Richter's analy- 
sis of nitrate of potash,* which makes the potash to the acid aS 
46.7 to 53.3, or as 59.1 to 67.45 ; from which if we subtract one por- 
tion of azote 17.54, there renaain ,49.91, so nearly 5 portions of oxy^- 
^eU) that we may assume 17.54 -f- 50, or 67.54, to be perfectly cor- 
rect. 

12. By dissolving 63 parts of carbonate of lime in muriatic acid, 
and evaporating to perfect dryness, we obtain 69.56 of muriate of 
lime; and deducting the weight of the lime, 3fr.46, we iearn, by 
means of the difference 34.1, the equivalent of dry muriatic acid* 
Or, if we choose to consider the dry salt as a compound of calcium 
and chlorine, we must transfer the weight of 10 oxygen to the mu- 
riatic acid, making 44.1 of bxymuriatic acid combined with 35.46 
calcium. . 

15. In oxalate of lead, according to Beczelius, 296.6 of litharge 
are united with 100 oxalic acid, which are in the proportion of 1J9.5 
to 47 oxalic acid. A result almost exactly the 'same was obtained 
by Dr* Wollaston from the a>ialysis of binoxalate of potash. 

17, 18.. The equivalent of soda i^ inferred from the analysis of 
common salt, in which the muriatic acid is to the soda as 100 to 
1 14.78, or as 34. 1 to 39.1. The equivalent of sodium is obtained by 
deducting 1 of oxygen, and is 39. 1 . 

19, 20. In muriate of potash, the acid is to the alkali as 100 to 

• 2 M^m. d'ArcUeil, 59. 
Vol. 1I.«-3 H 
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.l!r3.47,ora8 34.1 to 59.1, from which last number, if we deduct t# 
the equivalent of oxygen, ire obtain 49.1 for the equivalent of po- 
tassium. ^ 

21. The equivalent of magnesia is inferred from the pomposition 
of the sulphate, viz. 67 acid to 33 base ; for- aa 67 to 33, so b 50 
to 24.6. 

22. The equivalent of lime is deduced from the carbonate of lime) 
in which >the acid is to the earth as 43.7 to 56.3, or as 27.54 to 35.46; 
from which last number, deducting 10 oxygen, we have 25.46 for 
the equivalent of calcium. 

24. In sulphate of strontites, the acid is to the earth as 42 to 5&; 
or as 50 to 69. 

35. In sulphate of barytes 34 acid are united with 66 earth, which 
is in the proportion of 50 to 97. 

#.26. In black oxide of iron, the oxygen is to the metal as 22.5 to 
77.5, or ks 10 to 34.5, to which, adding 10 oxygen, we have 44.5 for 
the equivalent of the oxide of iron. 

27. Black oxide of copper c6ntains 20 oxygen to 100 metal, 
whiclP gives 50 for the equivalent of oxide of copperj and 40 for 
that of .the metaL 

28. In oxide of zinc, the oxygen is to the metal as 24.41 to 100, or 
as. 10 to 41, to which last number^ adding 10 oxygen, we have 51 
for the equivalent of oxide of zinc. 

29. In red oxide of mercury, the oxygen is to the metal as 8 to 
100, or as 10 to 125. But as other statements differ a little from 
this, 125.5 may be taken as a mean ; and adding 10 oxygen, 135.5 
will denote the red oxide. 

30. In carbonate of lead, the acid is -to the oxide as 16.5 to SS^Sy 
or as 27.54 to 139.5^ the equivalent of litharge ; from which, deduct- 
ing 10^ oxygen, we have 129.5 tbr the equivalent of lead. 

31. In muriate of silver, the acid is to the oxide of silver as 19.05 
to 80.95, or as 34.1 to 145, the equivalent of the oxide, from which, 
if we take lOo^ygeUi we have' 135 the equivalent of silver. If** 
consider horn silver as a compound of 24.5 chlorine and 75.5 silvefj 
the equivalent of silver will be 136; for 24.5 : 75.5 : :44.l : l?^- 

.32. The s^bcarbonate of ammonia consists of acid and alkali) ac- 
cording to Guy Lussac, in the proportion of 56.02 to 43.98, orot 
27.54 to 21.6, which, therefore, again proves to be the equivalent ot 
ammonia. The two last numbers added together, give 49 for the 
equivalent of the subcarbonate. 

33 In subcarbonate of soda, the acid is. to the alkali as 41.24 to 
58.76, or as 27.54 to 39.1 ; and the two last numbers, added, together, 
expr ss the equivalents of the subcarbonate. . - 

. 35. The proportion of the elements of carbonate of lime is 43. 
acid to 56.3 base, or 27.54 to 35.46; and consequently carbonate ol 
lime must be represented by those two numbers added together, 
viz 63. 

36. In carbonate of barytes, the acid is to the earth as 100 to 
352.57, or as 27.54 to 97, which two numbers, added together, 124it'> 
express the equivalent of carbofiate of barytes. 
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37. The equivalent of ctirbonate of lead is obtained by adding to- 
gether those of oxide of lead and of carbonic acid, (see 30.) 

38, 39. For the determination of the equivalent of sulphuric acid 
sebNo. 7. 

The remaining numbers, expressing^ the equivalents of compocmd 
bodies, are obtained by adding togetfier the equivalents of their 
components. Thus the equivalent of muriate of potash 93.2 is ob- 
tained by adding together the equivalents of muriatic acid 34.J1 «nd 
of potash 59.1. 

Ho.W.— Tabic of Incomfiatihle Salts.* 

SALTS. INCOMPATIBLE WITH 

1. Fixed alkaline sul- C Nitrates of lime and magnesia, 
phates - - - - '\ Muriates of lime and magnet. 

Alkalies, 
3. Sulphate of lime - - •{ Carbonate of magnesia, 

Muriate qf barytes. 

Alkalies, i 

3. Alum - - . . - J Muriate of barytes. 

Nitrate, muriate, carbonate ot* lime. 
Carbonate of magnesia. 

r Alkalies, 

4. Sulphate of magnesia X Muriate of barytes, 

(^ Nitrate and muriate of lime, 
r Alkalies, 

5. Sulphate of iron - •< Muriate of barytes, 

(^ Earthy carbonates. 
' r Sulphates, 

6. Muriate of barytes < Alkaline carbonates^ 

(^ Earthy carbonates. 

r Sulphates, except of lime^ 

7. Muriate of lime «- -< Alkaline carbonates, 

(^ Carbonate of magnesia. 

SK lUMfUf-* Af «.«^«**«;- C Alkaline carbonates, 
«. Muriate of magnesia | Alkaline sulphates. 

r Alkaline carbonates, 
9. Nitrate of lime - -< Carbonates of magnesia and alumine) 

(^ Sulphates, except of lime. 

* That is, salts which cannot exist together in solution, without mutual der 
cqmpositton., This incompatibility, however, it is to be understood, exists only 
in solutions of a certain density. 
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No. v.— TflWr of the Quantity of Oil of FitrioiX&p- gr. 1.8485,) and 
of Dry Sulphurit Jcidjin \ 00 FartSj by Weight of diluted Acid^at 
different Demities. By Dr. Ure. 

(Journal of Science, &c. iv. 122.) 



JUqvid. 


Sp.Gr. 


Dry. 

8I;54 


Liqwd. 


Sp. Gr. 


Dry, 


Liqaid 


Sp. Gr. 


Drj'. 


100 


1.8485 


66 

4 


1.5503 


5^.82 


32 


1.2334 


26.09 


99 


1.8475 


80.72 


65 


1.5390 


53.00 


31' 


1.2260 


25.28 


98 


1.8460 


79.90 


64 


1.5280 


52.18 


30 


r.2l84 


24.46 


97 


1.8439 


79.09 


63 


1.5170 


51.37 


29 


1.2108 


23.65 


96 


1.8410 


78.28 


62 


1.5066 


50.55 


28 


1.2032 


22.83 


95 


1.8376 


77.46 


61 


1.4960 


49.74 


27 


1.1956 


22.01 


94 


1.8336 


76.65 


^0 


1.4860 


48.92 


26 


1.1876 


2 1 .20 


93 


1.8290 


75.83 


59 


1.4760 


48.11 


25 


1.1792 


20.38 


92 


1.8233 


75.02 


58 


1.4660 


47.29 


24 


1.1706 


19.57 


91 


1.8179 


74.20 


57 


1.4560 


46.48 


23 


1.1626 


18.75 


90 


1.8115 


73.39 


56 


14460 


,45,66 


22 


.1.1549 


17.94 


89 


1.8u43 


72.5t 


55 


1.4360 


44.85 


21 


1.148Q 


17.12 


. 88 


1.7962 


71.75 


54 


1.4265 


44.03 


20 


1.1410 


16.31 


87 


1.7870 


70.94 


53 


U4170 


43.^2 


19 


hi 330 


15.49 


86 


1.7774 


70 12 


52 


1.4073 


42 40 


18 


1.1246 


14.68 


8: 


1.7673 


69.31 


51 


1.3977 


41. 58 


17 


1.H65 


13.86 


84 


17570 


68.49 


50 


1.1894 


40.77 


16 


1.1090 


13.05 


.83 


1.7465 


67.68 


49 


-1.3788 


39.95 


15 


1.1019 


1 2.23 


82 


1.7360 


66.86 


48 


K3697 


39.14 


14 


K09^3 


11.41 


81 


1.7245 


66.05 


47 


1.3612 


38.^2 


13 


1.0887 


10.60 


80 


1.7120 


65.23 


46 


L3530 


37>5l 


1^ 


1.0809 


9.78 


79 


1.^993 


64.43 


45 


1.3440 


36.69 


11 


1.0743 


8.97 


78 


1.6870 


63.60 


44 


1.3..45 


35.88 


10 


1.0682 


8.15 


77 


1.6750 


62.78 


43 


1.3255 


35.06 


9 


1.0614 


7,34 


76 


1.6630 


61.97 


42 


1.3165 


34.25 


^ 


1.05^44 


6,52 


75 


1.6520 


61.15 


41 


1.3080 


33.43 


7 


1.0477 


5.h 


74 


1.6415 


60.34 


40 


1.2999 


32.61 


6 


1 .0405 


4.89 


73 


1.6321 


59.52 


39 


1.2913 


31.^0 


5 


1.0336 


4.08 


72 


1-6204 


58.71 


38 


1 .2826 


30.98 


4 


1.026*8 


3.26 


71 


1.6090 


57.89 


37 


1 .3740 


30.17 


3 


1.0206 


2.446 


70 


1.5975 


57.08 


36 


1.2654 


29.35 


2 


1.0140 


1.63 


69 


1.5868 


56.26 


35 


1 2572 


28.54 


1 


1.0074 


0.8154 


68 


1.5760 


55.45 


34 


1'.2490 


27.72 








67 


1.5648 54.63 


33 


1.2409 


26.91 




V 
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No. VI.— yad/ff ahomng the ProfiovHon of real or dry JsTUric Acidj, 
in loo Parta of the liquid Acid^ at successive Sfiecific Gravities, 
By Dr. Ure. 

(Journal of Science iv, 297.) 





^ Specific 


Acid in 


. ftpedfic 


Acid in 


Specific 


Acid in 




gravity. 


100. 


gravity. 


100. 


gravity. 


100. 




1.5000 


79.700 


1.3783 


' 52.602 


1.1833 


25.504 




1.4980 


78.903 


1.3732 


51.805 


1.1770 


24.707 




1.4960 


78.106 


1.36ai 


51.068 


1.1709 


23.910 




1.4940 


77.309 


1.3630 


50.211 


1.1648 


23.113 


# 


1.4910 


76.512 


1.3579 


49.414 


1.1587 


22.316 




1.4880 


75.715 


1.3529 


48.617 


1.1526 


21.519 




1.4850 


74.918 


1.3477 


47.820 


1.1465 


20.722 




1.4820 


74.121 


1.3427 


47.023 


1.1403 


19.925 




1.4790 


73.324 


1.3376- 


46.226 


14345 


'19.128 




1 .4760 


72.527 


1.3323 


45.429 


1.1286 


18.331 




1.4730 


71.73a' 


1.3270 


44.632 


1.1227 


17.534 




1.4700 


70.933 


1.3216 


43.835 


1.U68 


16.737 




1 .4670 


70.136 


1.3163 


43.038 


1.1109 


15.940 




1.4640 


69.339 


1.3110 


42.241 


1.1051 


15.143 




1.4600 


68.542 


1.3056 


41.444 


1.0993 


14.346 




1.4570 


67.745 


1.3001 


40.647 


1.0935 


13.549 




1.4530 


66.948 


1.2947 


39.850 


1.0878 . 


12.752 




1.450Q 


66.155 


1.2887 


39.053 


1.0821 


11.955 




M460 


65.354 


1.2826 


38256 


1.0764 


11.158 




1.4424 


64.557 


1.2765 


37.459 


1.0708 


10.361 




14385 


63760 


.1.2705 


3&662 


1.065 1 

1 


9.564 


- 


1 .4346 


62.963 


1.2644 


35.865 


1.Q595 


8.767 




14305 


62.166 


1.2583 


35.068 


1.0540 


. 7.970 




i.4269 


61.369 


1.2523 


S4.271 


1 .0485 


7.173 




1.4228 


60.573 


1.2462 


33.474 


1 .0430 


6.376 




%94189 


59.775 


1.2402 


32.677 * 


10375 


5.579 




1.4147 


58.978 


1.2341 


31.880 


1.0320 


4.782 




1.4107 


58 181 


1.3277 


31.083 


1.0367 


3965 




1 .4065 


• 57 384 


1.2;312 


30.286 


1.0212 


3.188 




|.4023 


56.587 


1.2148 


29.489 


1.0159 


2.391 




1.3978 


' 55.790 


1.2084 


28.692 


1.0106 


4.594 




1.3^45 


54.993 


1.2019 


27.895 


1.0053 


0.797 




1.3882 


54.196 


M958 


27.098 


, 






1.3833 ' 


53.399 


1.1895 


26.301 
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No. VII.— SToWf of the Quantity of real or dry Muriatic Acid in 
100 Parti of the iiguid Jicid^ at successive Specific Gravities. Byf 
Dr. Urb. 

(Thomson's AiuialB of Philosophy, x. 371.) 



Specific I Acid in 
erravity. 100: 



.1920 
.1900 
.1881 
.1863 
.1845 
.1827 
.1808 
.1790 
.1772 
.1753 
.1735 
.1715 
.1698 
.1679 
.1661 
.1642 
. 1 634 
.1605 
.1587 
.1568 
.1550 
.1531 
.15V0 
.1491 
.1471 
.1452 
.1431 
.1410 
.1391 
1371 
.1361 
.1332 
.1312 
.1293* 



28.30 
28 02 
27.73 
27.45 
27.17 
26.68 
26.60 
26.32 
26.04 
25.75 
25.47 
25,19 
24.90 
24.62 
"24.34 
24.05 
23.77 
23.49 
23.20 
22.92 
22.64 
2'2.36 
22.07 
21.79 

21.51 
21.22 
20.94 
20.66 
20.37 
20.09 
19.81 
19.53 
19.24 
18.96 



Specific 
gravity. 



1.1272 
1.1253 
1.1233 
1.1214 
1.1194 
1.1173 
1.1155 
1.1134 
1.1115 
1.1097 
1.1077 
1.1058 
1.1037 
1.1018 
1.0999 
1.0980 
1.0960 
1 .094 1 
1.0922 
1 .0902 
1.0883 
1.0863 
1.0844 
1 082.1 
1 .08U5 
1.0785 
1.0765 
1.0746 
l.u727r 
1.0707 
1.0688 
,1.0669 
1 .0649 
1.0629 



Acid in 
100. 



1868 
18.39 
18.11 
17,83 
17.55 
17.26 
16.98 
16.70 
16.41 
16.13 
15.85 
15.56 
15.28 
15.00 
14.72 
14.43 
14.15 
13.87 
13.58 
13.30 
13.02 
12.73 
12.45 
12.17 
1 1 .88 
11.60 
11.32 
11.04 
10.75 
1047 
10.19 
9 90 
9.62 
9.34 



Specific 
gravity. 



t 



1.0610 

1.0590 

\.057l 

1.0552 

1.0533 

1.0514 

1.0495 

1.0477 

1.0457 

1.0438 

l!0418 

1.0399 

1.0380 

1.0361 

1.0342 

1.0324 

1.0304 

1.0285 

1.0266 

1.0247 

1.0228 

1 .0209 

1.0190 

1.0171 

1.0152 

1.0133 

1.0114 

1.0095 

1 .0076 

1.0056 

i:0037 

1.0019 

l.OOOO 



Acid in 

leo. 



9.05 
8.77 
8.49 
8;2l 
7.92 
7.64 
7.36 
7.07 
6.79 
6.51 
6.23 
5.94 
5.66 
5.38 
5.09 
4.81 
4.53 
4.24 
3.96 
3.68 
3.39 
3.11 

2.55 
2.25 
1.98 
1.70 
1,41 
1.13 
0.85 
0.66 
0.28 
0.00 
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No. VIII.— Co/ottr qf the PrecepUates thrywn dov)nfrom Metallic 

Solutions^ by various Re-agenta, 



\ 



Silver 



Metals. 



Gold 



Platinum 



1^ ■ 



Mercury 



Palladium 



Ri)odium 



Iridium 



Osmium 



Prusslated 
Alkalies. 



Yellowish - 
white 



Solution turn 
ed green. 

Precipitate 
brown of re 
duced gold 



No precip.; 
but an 
orange co- 
loured one 
by pruss. 
of mercury 



White 



White 
changing tO( 
yellow 



Olive*. 
Deep 
oranj^ef. 



No precip 



No prccipi' 



Tincture of 
Galls. 



Dark green 
becoming 
paler 



Yellowish 
brown 



Orange yel- 
low 



Water im 

pregnated 

with SqU 

;phureted 

Hydrogen 



Yellow 



Prccipi- , 

tated in a 

metallic 

state 



Black 



Black 



Oavk 
brown 



" 



No precipi* 
tate. Co- 



tate. Colour lour of so- 
discharged lutions dis- 
charged 






Purple, 
changing to 
deep vivid 
blue 



Hydro- 
Sulphurets 



Yellow 



Black 



Brownish 
black 



Dark 
brown 



Npprecip 



* Chcvenix. 



t Wollastpn. 
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Colour 0/ FreciJUtates from Metallic Solutions^ i^fc 

Continued, 



Metals. 



Copper 



or**- 



Iron 



C: 



Green salts 
Red salts 



White, 
changing to 
^ blue. 
Deep blue 



Nickel 



Tin 



» * ■■ ■* 



Lead 



Zinc 



Bismuth 



Antimony 



Tellurium 



Arsenic 



Cobalt 



Manganese 



Chro 



iTome 



PrusBiated 
Alkalies. 



Bright red- 
dish brown 



Green 



White 



White 



White 



Tincture of 

Galla. 



Brownish 



Water im- 

preg'nated 

witk Sul- 

pbureted 

Hydrogen. 



No preci 

pitate. 

Black. 



\Grayish 
white 



t '■' " < 



No prccip 



White 



White 



W^hite 



No precip 



White 



Brownish 
Yellow 



Yellowish 
white 

Green 



No precip 



Orange 



A white 
oxide 
♦ merely 

from di- 
lution 



Yeilow 



Little 
change 



Yellowish 
white 



No fireci- 
pitate 

Brown 



Black 



Not pre- 
cipitated 



Not pre- 
cipitated 



Brown 



Black 



Yellow 



Black 



Orange 



Hydro- 
Sulpburets 



Black 



Black 



Black 



Black 



Black 



White 



Black 



Orange 



Biackish 



Yellow 



Not pre- 
cipitated 



Not pre- 
cipitated 



Yellow 



Black 



White 



Green 
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Colour 0/ Pre cifiUatea from Metallic Solutionis ^c 

Continued* 



Metajs. 

• 


Pnissiated 
Alkalies. 


Tincture of 
Galls. 


Watet im- 
pregnated 
with Sul- 
phureted 
Hydrog^en. 


Hydro- 

Sulphorets. 


Molybdena 


Brown 


Deep 
brown 


Brown 


, 


Uranium 


Brownish 
red 


Chocolate 


f 


Brownish 
yellow 


Tungsten 






•t 




Titanium 


Grassgreen 

with a tinge 

of brown 


Reddish 
brpwn 


Not pre- 
cipitated 


Grass 

green 


Columbium 


Oliye 


Orange 




Chocolate 


Tantalium 






« 




perium 




Yellowish 


« 


BrowQ 
becoming 
deep green 



•• 



Vol. U. 



31 



.! 
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No. IX.^l'able of Simfile JffinUy* 



OXTGEIf. 


OXYGKN.t 


NITROGEN. 


Arsenic 




•w 


• 


Molybdena 


Carbon 


Titanium 


Oxygen 




Charcoal 


Manganese 


Sulphur? 






Manganese 
Zinc ' 


Zinc. 


Phosphorus 




Iron 


Hydrogen 


POTASH9 SODA, 


Iron 


Tin 


* 


AKD AMMONIA. 


Tin 
Amttnony 


Uranium 
Molybdena 




. 


t 


jfcids. 


Hydrogen 


Tungsten 


HTDROGEK. 


Sulphuric 


Phosphorus 


Cobalt 


^ 


Nitric 


Sulphur 


Antimony 


Oxygen 


" Muriatic 


Arsenic 
Nitrogen 


Nickel 


Sulphur 


Phosphoric 


Arsenic 


Carbon , 


Fluoric 


Nickel 


Chrotne 


Phosphorus 


Oxalic • 


Cobalt 


Bismuth 


Nitrogen 


Tartaric 


Copper 
Bismuth 


Lead ~ 
Copper 


' 


* Arsenic 
Succinic 




Caloric 


Tellurium 


81/LFHUR. 


Citric 


Mercury 


Platinum 


PHOSPHOR tS? 


Lactic 


Silver 


Mercury 


« 


Benzoic 


Arsenous Acid 


Silver 


Potash * 


Sulphurous 


Nitric oxide 


Gold 


Soda 


Acetic 


Gold 


•: 


Iron 


Mucic 


Platinum 
Carbonic oxide ^ 




Copper 
Tin 


Boracic 
Nitrous 




Muriatic acid 


CARBON. 


Lead 


Carbonic 


White oxide of 




Silver " 


Prussia 


manganese 


Oxygeti 


Bismuth 


Oil 


White oxide of 


Iron 


Antimony 


Water 


lead 


Hydrogen 


Mercury 


Sulphur 



* This table, it may be necessary to observe, does not express accurately the 
99mparative ajhdtiea of bodies, but denotes merely the actual .^ref^ of dgcompoti- 
tiotif which, as BerthoUethas shown, may often be, contrary to that of affinity, 
owing to the influence of various extraneous forces. 

f Yauquelin's table of the affinity of the metals for oxygen, according to the 
difficulty with which their oxides are decomposed by hes^. 



"TABLft OF AITFINITY. 
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Titble of Skmfile jiffifHty^r^Continued. 



• 

1 BARTTES. 


Acids, 


-magn£sia; 


Acids. 




Muriatic 




Citric 


jicide. 


Succinic 


Acids. 


Phosphoric 


SuJphuric 


Acetic 


Oxalic 


Lactic 


Oxalic 


Arsenic 


Phosphoric 


Benzoic 


Succinic 


Boracic 


Sulphuric 


Acetic 


Fluoric 


Carbonic 


Fluoric 


Boracic 


Phosphoric 


Water 


Arsenic 


Sulphurous 


Mucic 




Mucic 


Nitrous 


NitT»ir» 




Succinic 
Nitric 


f^arhnnip 


Muriatic 


■ 


Prussic 


Suberic , 


LIME. 


Muriatic 


- 


Citric 
Tartaric 


^ 


Tartaric • 
Citric 




^ids. '. , 




Arsenic 


Oxalic 


. Malic? 


» SILEX. 


Lactic 


Sulphuric 


Lactic ^ 




Benzoic 


Tartaric 


Benzoic 


Fluoric acid 


Acetic 


Succinic 


Acetic 


Potash 


Boracic 
Sulphurous 


Phosphoric 
Mucic ♦ 


Boracic 
Sulphurous 


. 




Nitrous 


Nitric 


Nitrous 




Carbonic 


Muriatic 


Carbonic 


ox. OF PLATI- 


Prussic 


Suberi<^ 


Prussic • 


NUM. 


Sulphur 


. Fluoric 


Sulphur 


GOLD.* 


Phosphorus 


Arsenic 




Gallic acid 


Water 
Fixed oils 


Lactic 
Citric 




Muriatic' 
Nitric 






Malic 


ALUMINE. 


Sulphuric 




Benzoic 
Acetic 




Arft^nic 




Acids. 


Fluoric 


STRONTITJES. 


Boracic 


Sulphuric 


Taruric 


0^^ 


Sulphurous 


.Nitric 


Phosphoric 


Acids. 


Nitrous 


Muriatic 


Oxalic 


Sulphuric 


Carbonic 


Oxalic 


Citric 


Phosphoric 


Prussic 


Arsenic 


Acetic 


Oxalic 


Sulphur 


Fluoric 


Succinic 


Tartaric 


Phosphorus 


Tartaric 


Prussic 


Fluoric 


Water 


Succinic 


Carbonic 


Nitric 


Fixed oil 


Mucic 


AmmoDia 



* Omitting the oxalic, citric> succinic^nd parbonic, and tfdding sulpluireted 
hydrogen after ammonia. 
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Table of Simfile Jijffinity^ — Continued. 



OXIDE OF SIL- 


Fiuoric 


Oxalic 


Water 


VER. 


Aceiic 


TarlaHc 


i» 




Benzoic 
Boracic 


Muriatic 
Sulphuric 




Gallic acid 




Mariatic 


Prussic 


Mucic 


OXIDE OF l&OX. 


Oxalic 


Carbonic 


Nitric 




Sulphuric 




Arsenic 


Gallic 


IVlucir 




Phosphoric 
Succinic 


Oxalic 


Phosphoric 




Tartaric 


Sulphurous 


OXIDE OF LEAD. 


Fluoric 


Camphoric 


Nitric 




Citric 


Sulphuric 


Arsenic 


Gallic 


Lactic 


Mucic 


Fluoric 


Sulphuric 


Acetic 


Muriatit 


Tartaric 


Mucic 


Boracic 


Nitric 


Citric 


Oxalic 


Prussic 


Phosphoric 


Lactic ^ 


Arsenic 


Carbonic 


Arsenic 


Succinic 


TartaVic 


Fixed alkalies* 


Fluoric 


Acetic 


Phosphoric 


Ammonia 


Succinic 


Prussic 


Muriaii^ 


Fixed oils 


Citric 


Carbonic 


Sulphurous 




Lactic 


Ammonia 


Suberic 
Nitric 




Acetic 
Boracic 


* »AA4AAA\#&AAn 


^ 




Fluoric 
Citric . 


OXIDE OF AR- 
SENIC* 


Prussic 
Carbonic 




OXIDE OF MER- 


Malic 






CURY. 


Succinic 
L ictic 


Gallic 
i^uriatic 






Gallic acid 


Acetic 


Oxalic 


OXIDE OF TIK*. 


Muriatic 


BenzcHc 


Sulphuric 




Oxalic 


Boracic 


Nitric 


Gallic 


Succinic 


Prussic 


Tartaric 


Muriatic 


Arsenic 


Carbonic 


Phosphoric 


Sulphuric 


Phosphoric 


Fixed oils 


Fluoric 


Oxalic 


Sulphuric 


Ammonia 


Succinic 


Tari^ric 


Mucic 
Tartaric 




Citric 
Acetic 


Arsenic 
Phosphoric 




Ciinc 


OXIDE OF cop 


Prussic 


Nitric 


Malic 


PER. 


Fixed alkalies 


Succinic 


Sulphurous 




Ammonia 


Fluoric, . ^ 


Nitric 


Gallic 


Fixed oils 


Mucic 


i 




f 


. 



* Bergman places the tartaric before the muriatic. 
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• 

Citric 


Benzoic 


SULPHUROUS 


PHOSPHOROUS , 


Lactic 


Oxalic 


Acid. 


ACID. 


Acetic 


Sulphuric 


succiNicf. 




Boracic 


Nitric 




Lime 


Prussic 


Tartaric 


Barytes 


Barytes 


Ammonia 


Mucic 


Lime 


Strontites 




Phosphoric 
Citric 


Potash 
Soda 


Potash 
Soda 




• 

OXIDE OF £INC. 


Succinic 


SM'ontitcs 


Ammonia 




Fluoric 


Magnesia 


Glucine 


Gallic ' 


Arsenic 


Ammonia 


Alumine 


Oxalic 


Lactic 


Glucine 


Zirton 


Suiphuric 


Acetic 


Alumine 


Metallic oxides 


Muriatic 
Mucic 


Boracic 
Prussic 


Zircon 
Metallic oxides 


K 


, 


Nitric 


Fixed alkalies 


• 


NITRIC ACID. 


Tartaric 


Ammonia 




MURIATIC ^. 


Phosphoiic 

Citric 

Succinic 


- 




•7 

Barytes 
Potash 










f^ « 


Fluoric 


SULPHURIC , 


phosphoric 


Soda 


Arsenic 
Lactic 


ACID. 

PRUSSIC*. . 


ACID. 
CARBONlCt. 


Strontites 

Lime 

Magnesia 


Acetic 


% 


1 


Boracic 


Barytes 


Barytes 


4u)nionia 
Glucine 
Alumine 
Zircon 


Prussic 


Strontites 


Strontites 


Carbonic 


Potash 


Lime 


Fixed alkalies 


Soda 


Potash 


Ammonia 


Lime 


Soda 


MetaJlic oxides 




Magnesia 
Ammonia 


Ammonia 
Magnesia • 








OXIDE OF AN- 


Glucine 


Glucine 


FLUORIC ACID. 


TIMONY. 


Yttria 


Alumine 


BOHAOIC— ^ II 




Alumine 


Zircon 


ARSENIC % 


Gallic 


Zircon 


Metallic oxides 




Muriatic 


Metallic oxides 


Silcx 


Lime 



* With the omission of all after ammonia. 

f Ammonia should come before magnesia ; and strontites, glucine* and zir- 
con should be omitted. 

^ Magnesia should stand above ammonia, and alumine and silica should be 
•mitted. 

§ Ammonia should stand above magnesia. 

I Silex should be omitted, and instead of it, water and alcohol he inserted^ 

^ Except sij^x. 
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Tahle qf Sim/ile Ajgiinityr^Continued, 



Barytes 

Sirontites 

Magnesia 

Potash 

Soda 

Ammonia 

Giucine 

Alumine 

Zircon 

Silex 


Zircon 


Soda 

Ammonia 

Barytes 

Lime 

Magnesia 

Alumine 


Magnesia 

Oxide of mer- 
cury 

Other metallic 
oxides 

Alumine ^ 


OXALIC AClD. 
TARTARIC — 
CITRIC — t 

Lime 
Barytes 

Strontites 

Magnesia 

Potash 

Soda 

Ammonia 

illumine 

Metallic oxides 

Water 

Alcohol 


ALCOHOL. 

Water 
Ether 
Volatile oil 
Alkaline sul- 
phtirets 


■V. 

CAMPHORIC 
>AOID. 

Lime 

Potash 

Soda 

Barytes 

Ammonia 

Alumine 

Magnesia 


ACETIC ACID. * 
SUBERIC*. 

Barytes 

Potash 

Sdda 

Strontites 

Lime 

Ammonia 

Magnesia 

Metallic o&ides 

Giucine 

Alumine 


S0LPHUBETED 
HYDROGEN. 

Barytes 

Potash 

Soda 

Lime 

Ammonia 

Magnesia 

Zircon . 




FIXXDOIL. 

Lime 
Barytes 
Potash 
Soda 


BENZOIC ACID. 

Whi^e oxide of 

arsenic 
Potash 



* With th^ omission of strontites, metallic oxides, giucine, and zircon, 
t Zircon after alumine. 
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ADDENDA. 



I HAVE thought it proper to annex a short account of some disco- 
veries, which have been published in the different philosophical 
journals, while this work was passing y;irough the press. 

Cadmium. A new metal, to which this name has been giveny 
was discovered' by M. Stromeyer^.in the autumn of 18 IT. Hith- 
erto, it has been found only in the oxide of zinc, prepared for me- 
dicinal use, from an ore of zinc that came from Silesia. The pro- 
cess, by which it was separated, has not been published; but the 
following afe described as its most remarkable properties*. 

Cadmium resembles tin in its colour, lustre, softness,' ductility^ 
and in the sound which it emits when doubled. Its specific gra- 
vity is 8.6350. It melts, and volatillizes, at a temperature a few- 
degrees below that required by tin. It is not tarnished by the air ; 
but, when heated, is converted into an orange coloured oxide, which 
is not volatile, and is easily reducible. « 

O^ide of cadmiuni does not tinge borax when fused with it. It 
readily dissolves in acids, and forms with them s'oluble salts, from 
which it is precipitated white by alkalies, and yellow^, li^e arsenic, 
by siilphureted hydrogen. From these solutions, zinc thrown it 
down in a metallic state. 

StRiUBf. Of this supposed new metal, it is unnecessary to say 
more, than that it has bten proved to be merely a compound of sut^ 
pnur, iron', nickel, and arsenicf. 

IMalig and Sorbic Acids. By a careful investigation of the 
maHc acid, M. Braconnot has been led to the conclusion, that it is 
essentially the same with the «or6fr, and that, when divested of all 
impurities, it exhibits the same properties, and forms exactly the 
same compounds ; a Conclusion supported also, by the experiments 
of Houton Labillardidre|. By a process somewhat complicated, the 
former succeeded in detaching the pure acid of the juice of house<' 
leek {gemftervtvum tectorum^ L i) from a substance with which it 
is associated, holding apparently a middle place between gum and 
.sugar, jnd so modifyingtbe properties of the acid, as to have led to 
erroneous views of its nature. In the juices of other vegetables, 
it is probable that the impurities mixed with it will be found of a 
different kind. 

• Ann. de Chhn. et Phys. viii. 100 ; or Journal Of Science, vi. 111. ' 
t Thomson's Annals, xii. 312. Faraday, in Joumtft ^ Science, ri: 112. 
i Ann. de Ckim. et Pbya. viii« 149, 214. 



436 ADDENDA. • , , 

The identity of the two acids having thu3»heen rendered un» 
questionable, it appears reasonable to distinguish their common 
ingredient, by the name originally applied to it by it* discoverer 
Scheele, and to discontinue the appellation of sorbic acid ; since 
the latter is nothing more than the maUc deprived of impurities. 

The Rheumic Acid, (vol.ii. p. 230,) has been lately shown by M. 
Lassaigne to be merely the oxalic, disfigured by certain impurities*. 

Purpuric Acid. This acid has been obtained, also, (but appa- 
rently of less purity than by Dr. Prout,) by Brugnatelii, Juniorf. 
He has proj>osed to call it erythric acid (from si^^m^^ahstv^to redden,) 
and its compounds erythrates, , Those, who are interested on the 
subject, will Bnd Brugnatelli's Memoir, at full length, in the Philo- 
sophical Magazine, for July, Id 18. . 

Nje>^ Alkali of VEGFtABLE Origin. MM. Pelletier and 
Caventou, in analyzing nux vomica^ and the bean of St. Ignatius, 
'have extracted a peculiar . substance, possessing alkaline proper- 
ties, to which the powerful action of those poisons on the animal 
economy appears to be owing:(. 

The' new substance is white, crystalline* and insufferably bitter. 
It occurs in quadrangular plates, or in prisms of four sides, termi- 
nated by a four-siSed pyramid. It is slightly soluble in water, but 
readily so in alcohol. It rebtores the blue colour of redddned lit' 
mus paper, and, with the ac^ds, forms neutral ^alts that are soluble 
in water, and more or less jcasily cry stall izable* Hence in itsche* 
mical properties, it seems to present a considerable resemblance to 
i»2or/i/imm, but >yhen taken into the stomach, it produces, in a more 
intense degree^ the effects 6f the tincture of nux vomica. From the 
circumstance etf M. Vauquelin's having observed an analogous sub- 
stance in th€i Da/i/ine Alfiina^ its discoverers have proposed for it 
the name of Vauquelinc» 

Triple Prussiate of Potash — Prussic Acid— and the New 
Gas obtained by Dr. Thomson. ^ 

By distilling triple prussiate of potash with rather more than 
twice its weight of' strong sulphuric acid, Dr. Thomson has ob- 
tained a gas, whicht^fter being freed from sulphurous acid, evolved 
along with it, was found to possess new properties. Its smell is 
peculiar, and bears no resemblance to that of any other gas; it is 
permanent over water ; has the specific gravity, of 09 9 3, air being 
1000. When slowly burned from an orifice it exhibits a deep blue. 
flame. By rapid combustion in a Volta's eudiometer, three volumes 
con lau me two of oxygen, and give three voiun^es of .carbonic acid. 
It appears to be constituted of 

3 volumes of carbonic oxide > , j* ^ o i. ^-.- 

, , ri 1 r condensed into 3 volumes. 

1 volume ot hydroj^en gas i 

Dr. Thomson has proposed to call it hydrogureted carbonic oxide. 

The trifile prussiate o/fiotaah has also beea submitted to a fresh 

* Ann', de ChimT et Phys. viii. 402. 

t Ibid. 201 5 or Phil. Mag. lii. 30. : - 

% Ann. de Chim. et Phys. viii. 323 ; or Jootnal of Scieneea vi. 149. 
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examination both by Dr. Thomson, and by Mr. Porrett The foN 
mer describes it as crystallizing^, when perfect, in plates with be- 
velled edges, usually about half an inch thick, and two or three 
inches in diameter ; the two faces of the bevelled edges being in- 
clined to each other at an angle of about 135^. Its colour is a fine , 
topaa yellow* When held between the eye and the light, it is trajtis- 
parent, and appears^green. Its specific gravity is 1.833. (t majr 
be split into flexible plates, parallel to the bases of its pyramids^'' 
One hundred parts of water at 54° Fahrenheit dissolve 27.8 of the 
salt; at 100^ 65.8 parts; at 150% 87.6 parts; aiid at 300% 90.6. * 
In alcohol it is not soluble at all. 

According to Dr. Thomson, the salifying principle of this ^alt 
appears, from experiment, to be constituted of half an atom of me- 
tallic iron with one atom of prussic (hydro-cyanic) acid ; and the 
triple salt itself consists of 

^"^ I Matter gasiBedby' heat. 30.9 5 ^^'^^ 

Potash 41.64 

Water 13. 

100.54 
Exhibiting a small excess of 0.54 in 100 of the salt*. < 

Since, however, the proportion of iron, as deduced from the 
equivalent of the acid ingredient of the triple prussiate (66. 1 1, oxy* 
gen being 10,) ought to be one atom to one atom of hydro^cyanic 
acid, there appeared, with respect to the acid of the triple prussi- 
ate, to be a disagreement between the atomic theory and the re- . 
suits of analysis. This disagreement Mr. Porrett has. endea- 
voured to rectify by a fresh series of experimentsf* He detached 
the potash, from 50 grains of the triple salt, by 70 grains of crys- 
tallized tartaric acid; and obtained a quantity of bi-tartrate, denot- 
ing 17.9 grains of potash ; consequently 100 grains must contain 
35.8. The water being 13 grains, the acid in 100 grains must be 
51.2. This acid Mr. Porrett supposes to be a compound, not of 
prussic acid and iron, according to Dr. Thomson, but of the ele- 
ments of two atoms of prussic acid, an atom of azotef^^ an atom o( 
iron, or, in other words, it consists of ; 

4 atoms carbon .. 30.16 ^j 

I atom azote . . . 17.54 >i 

1 atom iron . . . 34.50 • * 

2 atoms hydrogen . 2.64 Tj 

Its atom, therefore, weighs . . . 84.84 

When it unites with potash, one< atom of acid takes one atom df 
base (59.10,) and two atoms of water ("22.64,) which gives the com- 
position of the triple prussiate as ibIlQWs : 

• Annals pf FhUosophy, xii. 110. . f Ibid. xii. 214. f^ 
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/ 

Acid - • '-. 50.9o; 
Potash • - - 33.4a 
Water - - - 13.59 



100. 



Mr. Porrett analyzed the acid of this salt, by d|stiiling the triple 
• pmssiate, as Dr. Thompson had done» with per-oxide of copper* 
only using a larger proportion of the oxide : and he found that the 
. resulting carbonic acid and azote agreed, as nearly as could possibly 
* be expected, with the proportions that ought to be produced accord- 
ing to the theoredcal view.. This acid, therefore, does not appear 
to present any exception to the general principles of the atomic 
theory. As to its nomenclature, Mr. Porrett is disposed to abide 
by that which he formerly proposed ferrureced chyazic acid;) be- 
cause, according to his view the acid does not consist of prussic 
acid and iron ; but ol'a part of the elements of prussic acid in union 
with that metal. 

OxTMURiATE (Chloride)' OS* LiuE. Th^s compound has been 
examined by Welter,* who determines it to consist of hydrate of 
lime united with chlorine^ in the following proportions, oxygen be- 
ing considered as IQ: . - 

1 atom of chlorine - - - - - - 44.1 

2 atoms hydrate of limef 46.78 x 2r:i9a.56 

137.66 

Seven parts of hydrate of lime, fully saturated with chlorine, gave, 
in his experiments, 10.22 of oxymuriate of lime, which destroyed 
the cplour of as much solution of indigo, as the chlorine itsell, cal- 
culated to t?e present in the saltj would have destroyed. He con- 
siders it, therefore, as a true compound of chlorine, and not of 
chloric acid with hydrate of lime \ and if, this view be correct, its 
proper appellation will be chloride of hydrated lime. The propor- 
tions in leo parts may be calculated from the data of Welter a$ 
follows !: 



Chlorine • - - 32.047 f 1 atom =44.10 
Water - - - • 22.64 > or -< 2 atoms ZZ 22.64 
Lime - - - - 70.92 J [2 atoms = 70.92 



100. 137.66 

When dissolved m ^ater. Welter agrees with Mr. Dalton, that 
one atom of the hydrate of lime is separated, and that the solution 
c6DtaiAs a compound of one atom of hydrate of lime and one atom 

• Ann. de Chim. et Phy8.>ii. 383. 
{ i" The atoms ofthis hydrate containing Lime - - * 35.46 



Water - - li:32 

46.78 



ADDBNOA. 43^ 

of chlorine. They- differ, howeveri so materiaUy in the proportions 
of the Mi (see vol. i. p. 461,) that it& analysis is still deserving of 
further investigation. . ^ , 

New Combinations of Oxygen with the. known Acipsl 

By treating the per-oxide of barium (vol. i. p. 255,) with acidsy 
Thenard has succeeded in forming new combinations of those acids 
With oxygen.* The process consists simply in dissolving per-oxide 
of barium (prepared by heating pure barytes in oxygen gas^ and 
moistening the product with water sufficient to change it into a 
white powder,) in any acid intended to be oxygenated ; and then 
adding a due proportion of sulphuric acid. This carries down the 
protuxide of barium, leaving the acid united with the oxygen which, 
the per-oxide has abandoned. 

Oxy^nitrie add b liquid, colourless, and resenibles nitric acid in 
its chemical agencies. It is decomposed by being heated to the 
boiling temperature, an<r abandons its oxygen, of which, by proper 
xnanagennent, it may be made to yield eleven times its volume. It * 
unites with alkaline and earthy bases ; but the resulting salts are so 
easily decomposed, that they can scarcely be obtained in crystals. 
It acts on all those metals that are soluble in common nitric acid, 
but has no power of dissolving gold. 

In oxynitric acid, the elements were determined by. Thenard to 
be present, in the proportion of 100 volumes of nitrogen to 300 
oxygen ; and hence its atomic constitution is 1 atom of nitrogen to 
6 atoms of oxygen. It stands, therefore, at the head of the series 
given in vol.i. p. 381, 383, as the most highly^ oxygenated com- 
pound of nitrogen. 

The phosphoric, arsenic, and acetic acids, were oxygenated by a 
similar treatment, but not the sulphuric ; and contrary to what might 
have been expected, the muriatic acid was brought into combina- 
tion with oxygen, whichf it might have been supposed, would have 
acted only on the hydrogen of that acid. Thenard was not able> 
however, to obtain oxymuriatic acid in a very concentrated state. 
Heat decomposed it into oxygen and muriatic acid, and its salts 
were also easily destructible. It was very acid, colourless^ almost 
free from smell, and strongly reddened litmus. It dissolved zinc 
without effervescence, but had no action on gold. With oxide of 
silver, it exhibited a brisk effervescence, owing to the escape of 
oxygen gas. By means of the oxy-muriatic acid, its discoverer 
succeeded in oxygenating the fluoric acic), which was found to re- 
tain its oxygen at the temperature pf ebullition. 

These facts are extremely curious and impoitant, and open a wide 
field for new and interesting discoveries. It is remarkable, that 
the oxy -muriatic acid, really entitled to that name, should differ 
essentially in its properties from the body formerly ao designated ; 

* Ann. de Chim. ^t Pbys. viii. 306. 
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and that it should want the leading characters of the latter^ viz. its 
power of destroying vegetable coloursi and of acting on gold. 

Analysis of Aluk. This salt has lately been carefully analyzed 
by Mr. Richard Phillips, with the result that the potash exists in it, 
not in the state of a simple sulphate, but of buMulfihate. The true 
composition of alum appears from these experiments (not yet pub- 
lished) to be, taking 10 for the atom of oxygen> 

S atoms sulphate of alumine • - - ^ - « 164 
1 atom bi-^ulphate of potash - - - * - 159.1 
22 atoms of water 249,6 



572.7 



Hence 100 parts of alum conwst of 

Alumine .... * 11.18) (Sulph. of alumine 
Sulph. acid 



- - - - 34.941 
Potash - 10*331 



►or' 



Water 



43.55. 



• 38.65 

Sulph. of potash - - 19.06S 

Sulph. acid - - - 8.735 

Water - - - -' - 43.55 



100.00 



100.00 
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